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PEEFACE, 



The present work is not intended as a subslJtui,'j 
for the quarto Treatise on the Steam Engine, 
wliich I lately published, but is rather to be re- 
garded as an introduction and in some measure 
also as a supplement to that work. Notwith- 
standing the existence, therefore, of the larger 
Treatise, it appeared to me that a work upon the 
steam engine, which in a moderate compass should 
give an outlineof the whole subject in its practical 
aspect, would still be of much utility. There are 
no doubt many compendiums already existing 
which profess to accomplish this object ; but I 
have not met with any which were calculated to 
satisfy even the most moderate expectations. 
Most of them are mere compilations from theo- 
retical authors, and abound even with scientific 
errors, whilst indicating the absence of any prac- 
tical acquaintance with the subject ; so that they 
possess but slender claims upon the attention of 
the engineer, or indeed of any one desirous of ob- 
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taining accurate information on the subject of 
which they treat. I hold it to be the first quality 
of an introductory worlc that it, should at least be 
sound — that the doctrines it inculcates, and the 
lessons it conveys, shall not all have to be unlearned 
again at a subsequent stage of progress — and 
whatever be its other characteristics, I believe 
that the present work will at least he found to 
conform to this standard of utility. It embodies, 
I believe, the best information now existing upon 
the subjects of which it treats — not taken from 
books, nor deduced from mere theoretical consid- 
erations, hut derived from my own practice or 
from the personal communications of the most 
experienced engineers of the present time. 

JOHN BOURNE. 



:b, Google 



A. CATECHISM 



THE STEAM ENGINE. 



MECHANICAL PKINCIPLEa 

1, Q. — What is meant by a vacuum ? 

A. — A vacuum means an empty space ; a space in 
which there is neither water nor air, nor any thing else 
that we Itnow of. 

2. Q. — Wherein does a high pressure differ from a 
low pressure en^ne ? 

A. — In a high pressure engine the steam, after hav- 
ing pushed the piston to the end of the stroke, escapes 
into the atmosphere, and the impelling force is there- 
fore that due to the difterence between the pressure of 
the steam and the pressure of the atmosphere. In the 
condensing engine the steam, after having pressed the 
piston to the end of the stroke, passes into the conden- 
ser, in which a vacuum is maintained, and the impelling 
force is that due to the difference between the pre^ure 
1* 
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of the steam sibo-\s tbe piston, and the pressure of 
the ^icuum b n tl t wh li is nothing; or, in other 
woid', you ha e tl n he wh le pressure of the steam 
urgmg the piston o t ng of the pressure shown by 
the safety val on the ho 1 and the pressure of the 
atmosphere be d 

3. Q. — How tb I ure of a vactram he said 
to be nothing, when the existence of a vacuum occa- 
sions a pressure of 16 lbs, on the square inch ? 

A. — Because it is not the vacuum which eserts this 
pressure, but the atmosphere, wliicli, like a head of 
water, presses on every thing immerged beneath it. A 
head of water, however, would not press down a piston, 
if the water were admitted on both its sides ; for an 
equilibrium would then be established, just as a haJanee 
retains its equihhnum though an equal weight he added 
to each scale , but take the weight out of one scale, 
or empty the watei fiom one side of the piston, and 
motion or pressure is produced ; and in like manner 
pressure is produced on a piston by admitting steam or 
wr upon the one side, and withdrawing the steam or 
^r from the other side. It is not, therefore, to a vac- 
uum, but rather to the existence of an unbalanced 
plenum, that the pressure made manifest by esh.iustion 
is due, and every one knows that a vacuum of itself 
would not work an engine. 

4. Q. — How is the vacuum maintained in a con- 
den sing engine ? 

A. — The steam, after having performed its office In 
the cylinder, is permitted to pass into a vessel called the 
condenser, where a shower of cold water is discharged 
upon it, The steam is condensed by the cold water, aufi 
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THE STEAM ENGINE. 7 

foils in tlie fonn of hot water to the bottom of the con- 
denser. The water, which would else be accumulated 
ill the condenser, is continually being pumped out by 
a pump wortsd by the engine. 

5, Q. — If a vacuum be an empty space, and there 
be water ia the condenser, how can there h 



A. — There is a vacuum above the water, the water 
being only like so much iron or lead lying at the 
bottom. 

6. Q. — Is the vacuum in the condenser a perfect 

A. — Not quite perfect ; for the cold water entering 
for the purpose of condensation is heated by the steam, 
and emits a vapor of a tension represented by about 
three inches of mercury ; that is, when the common 
barometer stands at 30 inches, a barometer with the 
space above the niercujj c mm t vith th n- 
denser will stand at about 27 b 

7. Q. — Is a barometei m t m ppl d to the 
condenseis of steam engrae 

A, — Yes , and it is call d th m g be- 
cause it shows the degree of p rf t tl m has 
attuned. Another gauge 11 d tl t ni t, is 
applied to the boiler, which d t tl p f the 
steam by the height to wh h tl te m f m ry 
up a tube. 

8. Q. — Can a condensing engine be worked with a 
pressure less than that of the atmosphere ? 

A. — Yes, if once it be started ; but it will bo a dif- 
ficult thing to start an engine, if the pressure of the 
steam be not greater than that of the atmosphere, Be- 
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fore an engine can he started, it has to be blown through 
with steam to displace the air within it, and this cannot 
be effectually done if the pressure of the steam be veiy 
low. After the engine is started, however, the pressure 
in the boiler may be lowered, if the engine be lightly 
loaded, until there is a partial vacuum in the hoilev. 
Such a practice, however, is not to be commended, as 
the gauge cocks, which are cocks applied for telling the 
height of water within the boiler, become useless when 
there is a partial vacuum in the boiler ; inasraro-h as, 
when they are opened, the water will not rush out, but 
Mr will rush in. It is impossible, also, under such cir- 
cumstances, to blow out any of the sediment collected 
within the boiler, which, in the case of the boilers of 
steaiu vessels, requires to be done every two hours. In 
some cases, in which the boiler applied to an engine U 
of inadequate size, the pressure within the boiler will 
fall spontaneously to a point considerably beneath that 
of the atmosphere.; but it is preferable in snob oases 
partially to close the throttle valve in the steam pipe, 
whereby the issue of the steam is resisted ; and the 
pressure ia the boiler is thus maintained, though the 
cylinder only receives its former supply. 

9. Q.—ln what way would you class the various 
Idnds of condensing engines ? 

A. — Into single acting, rotative, and rotatory engines. 
Single acting engines are engines without a crank, 
such as are used for pumping water. Rotative engines 
are engines provided with a crank, hy means of which 
a rotative motion is produced ; and in this important 
class stand marine and mill engines, and all engines, 
indeed, in which the rectJlinear moljoa of the piston 
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THE STEAM ENGINE, 9 

IS :,lmnged info a cii(,«hr molion In lotatorv engines 
tlip steim acta at orn-e in the produLtion of oirculai 
iiiuton Pithei upon a levolvmg piston oi otleiwise, 
but w tlioat the u'^e ot any intermediate mechanism 
such IS the crank for deriving a ciruulai from a leo 
tilinuai motion Rotatory engines have not hitheifo 
bi,en suecBssfuI so that only the single acting oi 
pumping engine and the double luting or rotative en 
gine can be said to be in actual use For some pui 
poses such for example as forcing au into fmnacps 
tor smelting on doub e dctng engnes are emplojed 
whiijh are never 1 ess unlum si ed wi h a crank but 
engines ot th ki d a, e ot sufiic en ly numeioua to 
justify their cl ss fio on as a o st net species, and, in 
general, those eng nes may be cona de ed to be single 
acting, hywt h no otit j mo n is mparted, 

10. Q. — Is not the circular motion derived from a 
cylinder en^ne very irregular, in consequence of the 
unequal leverage of the crank at the different parts of 
its revolution? 

A. — No ; rotative engines are generally provided 
with R Ey-wheel to correct aucli irregularities by its 
momentum ; hut where two engines, with their re- 
spective cranks set at right angles, are employed, the 
irregidarity of one engine corrects that of the other 
with sufficient exactitude for many purposes. In the 
case of marine and locomotive engines, a fly-wheel is 
not employed ; but for cotton spinning, and other pur- 
poses requiring great regularity of motion, its use with 
common engines is indispensable, though it is not im- 
possible to supersede the necessity by new contrivances, 

11. ^. — You implied that there is some other dif- 
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10 A CATECHISM OP 

ferenoe between single acting and double acting en* 
gines, than that whicji lies in the use or exclusion of 
the crank ? 

A. — Yes ; single acting engines act in only one 
way by the force of the steam, and are returned by a 
counter weight ; whereas double acting engines are 
urged by the steam in both directions. Engines, as I 
have already said, are sometimes made double acting 
though unprovided with a crank; and there would be 
no difficulty in so arranging the valves of ordinary 
pumping engines, as to admit of this action ; for the 
pumps might be oontnied to laise water both by the 
upward and downward stroke is indeed in some mines 
iS already done But ent^nes without a crank are 
almost al«ays made single acting, perhaps from the 
effect of custom as much as trom any other reason, 
and are usualh spoken of as such, though it is neces- 
sar} to know th it there are some deviations from the 
usual pra tn,e 

12 Q — With what \elocitj does air rush into a 
vacuum ? 

A. — With the velocity which a body would acquire 
by falling from the height of a homogeneous atmo- 
sphere. The weij,ht of air being known a' well as the 
pressure it exerts on the earth surface it becomes 
easy to tell what 1 e gl t a coin n of lir an inch 
square, and of the atm s| he o den ty ould require 
to be to weigh I lis The leght wo Id be 27,818 
feet 

13, §,^And what \ eloLit) w oiild thi, fall of a body 
from such a height produce 1 

A. — About 1,338 feet per second. All bodies fjill 
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velocity, 

14. Q. — But tbe velocity in wbat terms 1 
A. — In feet per second. The distsince through 
which a body falls by gmvity in one second is 36-^ 
feet ; ia two seconds. 64-^*2 feet ; in three seconds, 144^*j 
feet; in four seconds, 257y*2- feet, and so on. If the 
number of feet fallen through in one second be taken 
as unity, then the relation of the times to the spaces 
will be aa follows : — 

Number of seconds . . . . 1 1 i 2 I 3 I 4| 5] 61 
Units of space passed through 1 1 | 4 | 9 jl6|25|36| 

BO that it appears that the spaces pas.sed through by a 
falling body are as the squares of the times of falling. 
The velocity acquired by a falling body at the end of 
the 1st second is 32^ feet per second, at the end of 
the 2d second 64§ feet, at the end of the 3d, 96| feet, 
at the end of the 4th, 128^ feet, and so on. These 
numbers proceed in the progression 1, 2, 3, 4, &c., so 
that it appears that the velocities acquired by a falling 
body at different points, are simply as the times of 
falling. But if the velocities be as thij times, and the 
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13 A CATECHISM OF 

total space passed through be as the squares of the 
times, then the total space passed through must he as 
the squares of the velocity ; and as the vis viva or me- 
chanical power inherent in a falling body, of any given 
weight, is measurable by the height through which it 
descends, it follows that the vis viva is proportionate 
to the square of the velocity. Of two balls therefore, 
of equal weight, but one moving twice as fast as the 
other, the faster ball has four Umea the energy or 
mechanical force accumulated in it that the slower ball 
has. If the speed of a fly-wheel be doubled, it haa 
four times the energy it possessed before — such energy 
being measurable by a reference to the height through 
■which a body must have fallen, to acquire the velocity 

15. Q, — By what considerations is the momentum 
proper for the fly-wheel of an engine determined ? 

A — Bj a referen:,B to the power produced evety 
half stioke i,f the engine joined to the consderati n 
of what leldt on the energy of the fl) wheel r in mu'-t 
have thereto to keep the nregulanties ot not on 
within the limits which are Tdmissible It is found 
m practice that when the power resident in the 
fly wheel nm when the ensriiie mo\es at its average 
speed IS from two and a half to four times greater 
thin the powei generated by the engme m one h If 
•stroke — the variat on depending on tht, momentum 
inherent in the michmery the engine has to diive 
and the equability of motion required — the engne 
wili work with sufficient regularity far ill ordinary 
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16. Q. — What da you understand by tte centre of 
gravity of a body ? 
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14 A CATECHISM OF 

the part nearest to it, tlie momentum cannot be sup- 
posed to be concentrated at the centre of gra\ity, but 
at a point further removed from the cential shaft, 
and that point is what is called the centie of gyiation, 
19 Q— Whf tl t e of 0* dlation ' 
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lation to the time in which a body would fall through 
a spaue equal to half the length of the pendulum, that 
the circumference of a circle bears to its diameter. The 
number of vibrations made in a given time by pendu- 
lums of different lengths, is inversely as the square 
roots of their lengths. 

22. Q. — Then when the length of the second's pen- 
dulum is known, the proper length of a pendulum to 
make any given number of vibrations in the minute can 
readily be computed 1 

A. — Yes ; the length of the second's pendulum be- 
ing known, the length of another pendulum, required 
to perform any given number of vibrations in the 
minute, may be obtained by the following rule ; mul- 
tiply the square root of the given length by 60, and 
divide the product by the given number of vibnitions 
per minute ; the square of the quotient is the length 
of pendulum required. Thus if the length of a pen- 
dulum were required that would make '70 vibra- 
tions per minute in the latitude of London, then 

70 
length required. 

23. Q. — What measures are there of the centrifugal 
force of bodies revolving in a circle ? 

A. — The centrifugal force of bodies revolving in a 
drcle increases as the diameter of the circle, if the 
number of revolutions remain the same. If there be 
two fly-wheels of the same weight, and making the 
same number of revolutions per minute, but the diam- 
eter of one be double that of the other, the larger 
will have double the amount of centrifugal force. The 
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16 A CATECHiaM OF 

centrifugal force of the mme wkeeJ however increasea 
as the iquire of the \elo''itv ^o thit if tlie vilocLtv of 
a fly whtel be douhlKl it w 11 liine torn limi& the 
amount of oenfrifii^al force 

24 Q — Can you give a nile for determining the 
centrifugal force of a body of a gnen weight moiing 
with a gnen velocity in a :,ircle of a given dianiiier > 

A — Yea If the velocity m teet per second be 
dmded bj 4 01 the square ot the quotient ■vull be 
four times the height m feet fiom which a body must 
have fdUen to have icquired that velocity Divide this 
quadruple height by thi. diameter of the circle and the 
quotient IS the centiifugal fo ce m terms of the weight 
ot the body so that multiplj mg the quotient b^ the 
actual weight of the bodj, v,e have the rent ifugal 
force in pounds oi tons Another rule is to multiply 
the square of the number of revolutions per DiiQute 
by the diameter of the circle in feet and to divide the 
product hj 5 8'"0 The quotient is the centnfugal force 
in terms oi the wught of the body. 

26, Q. — Can you explain how it comes that the 
length of a pendulum determines the number of vibra- 
tions it mates in a given lime t 

A. — Because the length of the pendulum determines 
the steepness of the circle in which the body moves, 
and it is obvious, that a body will descend more rap- 
idly over a steep inclined plane, or a steep arc of a 
cncle than over one in which there is but a slight 
mclmation The impelling force is gravity, which 
urge* the body with a force proportionate to the dis- 
tance desi-Lnded and if the velocity due to the descent 
of a body through a given height be spread over a 
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THK STEASI ESGINE. 17 

great horizontal diatanoe, the speed of the body must 
be slow in proportion to the greatness of that distance. 
It is clear, therefore, that its the lengih of the pendu- 
lum determines the steepness of the arc, it must also 
determine the velocity of vibration. 

26. Q. — If the motions of a pendulum be dependent 
on the speed with which a body falls, then a certain 
ratio must subsist between the distance through which 
a body falls in a second, and the length of the second's 
pendulum ? 

A. — And so there is; the length of the second's 
pendulum at the level of the sea in London, is 391393 
inches, and it is from the length of the second's pen- 
dulum that the space through which a body falls in a 
second has been determined. As the time in which 
a pendulum vibrates is to the time in which a heavy 
body falls through half the length of the pendulum, as 
the circumference of a cit-cle is to its diameter, and as 
the height through which a body falls is as the square 
of the time of falling, it is clear that the height through 
which a body will fall, dui'ing the vibration of a pen- 
dulum, is to half the length of the pendulum as the 
square of the circumference of a circle is to the square 
of its diameter; naraeiy, as 9-8696 is to 1, or it is to 
the whole length of the pendulum as the half of this, 
namely, 4-9348 is to 1 ; and 4-9348 times 39-1398 in. is 
16-^ ft, very nearly, which is the space through which 
a body falls by gravity in a second. 

27, Q. — Are tlie motions of the conical pendulum 
or governor reducible to the same laws which apply to 
the common pendulum? 

A. — Yes ; the motion of the conical pendulum may 
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THE STEAM E\GI\E. 19 

length of the arm in inches, and twio ■ the =c(:riiv root 
of the renminder is the diameter of ihe circle in which 
tiie centres of the bidis revolve. 

2B. Q. — Cannot the operation of a governor be de- 
duced merely from the consideration of centrifugal and 
centripetal forces ? 

A. — It can, and by a very simple process. The 
horizontal distance of the arm from the spi die d d d 
by the vertical height, will give the amount of e p 
etal foi'ce, and the velocity of revolution qu e to 
produce an equivalent centrifugal force may be found 
by multiplying the centripetal force of the ball n term 
of its own weight by 70,440, and dividing th p od t 
b th d' m te f 'l ■ i d b h f tl 



_9 Q — Dlc ot the veigit of the balls affect the 
question '! 

A, — Not in the least; each ball may be supposed 
to he made up of a number of small balls or particles, 
and each particle of matter will act for itself. Heavj 
balls ftttaclied to a governor are only requisite to over- 
come the friction of the throttle valve which shuts ofF the 
steam, and of the connections leading thereto. Though 
the weight of a ball increases its centripetal force, it 
iiicreases its centrifugal force in the same proportion. 
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31 G— I h p g dhyth 1 

A. — Not any, the power is merely put into another 

shape, just as the contents of a hogshead of porter are 

the same, whether they be let off by an inch tap or by 

a hole a foot in diameter. There is a greater gush In 

the one case than in the other, but it will last a shorter 

time: when a, lever is used there is a greater force 

exerted, hut it acts through a shorter distance. It 

reL[mres just the same expenditure of mechanical 

power to lift 1 lb. through 100 ft., as to lift 100 lbs. 



He*, b, Google 



THE STEAM ENGINE. 21 

through one foot. A oylmdei of a g;iven cubical ca- 
pacity will exert the same power by each stioke, 
whether the cylinder be made tall and nariovi, oi 
short and wide ; hut m the one case it will raise a 
small weight through a great height, and m the other 
case, a great weight through a small height 

32. Q. — Is there no loas of power by the iiae of the 

A. — Not any. Many persona have supposed that 
there was a loss of power by the use of the crimk, be- 
cause at the top and bottom centres it is capable of 
exerting little or no power ; but at those times there 
is little or no steam consumed, so that no waste of 
power is occasioned by the peculiarity. Those who 
imagine that there is a loss of power caused by the 
crank, confuse themselves by confounding the vertical 
with the circumferential ■velocity. If the circle of 
the crank, be divided by any number of equidbtant 
horizontal lines, it will be obvious that there must he 
the same steam consumed, and the same power ex- 
pended, when the crank-pin passes from the level of 
one line to the level of the other, in whatever part of 
the circle it may be, those lines being indicative of 
equal ascents or descents of the piston. But it will 
be seen that the circumferential velocity is greater 
with the same expenditure of steam when the crank- 
pin approaches the top and bottom centres ; and this 
increased velocity exactly compensates for the dimin- 
ished leverage, so that there is the same power given 
out by the crank in each of the divisions. 

33. Q. — Have no plans been projected for gaining 
power by means of a lever ? 
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iim (ed I ower why not then iiterjose a hydMuliu 
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these questions the replj is i)iiffn.ientlj biious What 
ever jou giin in foice j u lose in veloi,it^ and it 
would benefit you ] ttle to make the paddles re\ohe 
w th ten t raes the force if you it the same time 
caused them to make only a tenth of the lumher of 
revolutions \ ou cannot by anj comb nat n of me 
chaniam get incredied f ce anl mcrpastd speed at 
the hame time or increased force without diminished 
speed aDd it is from the ignorance of this meiorable 
condition that such m3iiads of schemes lor the re 
alzation i.f perpetual mot on hi conbinations of leiers 
weghts wheels qucksher cranks and other mere 
pieces f inert matter have been propounded Any 
such combination can never incieioe ] owei nov di 
minish it either except by friction Power is not 
measurible by f roe but by force and lelooif^ com 

34. 6- —What is friction ? 

A. — Friction is the resistance experienced when 
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one body is rubbed upon another body, and is the re- 
sult ot the natuid attiacuon budies hiip for one 
another, and of the inlerloi,im^ of the impalpable 
asperities upon, the surfaces of all bodicb, howe^ei 
smooth llieie is also, no doubt, some electiica! 
action involved in its production, nnt yet recognized 
nor understood Whea motion m opposite diiections 
IS given to smooth surfaces, the minute asperities 
of one surfiee must mount upon those of the othei, 
and both mil be abi-aded and worn awiy in nhii,h 
act power must bo expended. The fnctiou ot smooth 
rubbing substances is less when the composition jf 
those substances is different, than when it is the same, 
the particles being supposed to interlock less whea 
the opposite prominences or asperities are not coin- 
cident. 

33. Q. — Does friction increase with the extent of 
rubbing surfiice ? 

A. — No I the friction so long as there is no Molent 
heating ov abrasion, is simply m the piopoition of the 
pressure keeping the surfaces together or nearly so 
It is, therefore, an obvious advantage to have the 
bearing surfaces of steam engines as lar^e as possible 
as there is no inciease of friction by e'^tending the 
surface, while there is a ^reatei increase in the dura 
bility. When the beiiings oi an engine aie made too 
small, they very soon wear out 

36. — Q. Does fni-tion mcre'i'.e in (he simp lafr is 
velocity ? 

A. — No; friction does not ini^reaa with the ^elo 
city at all, if the friction ovei a gnen imount of sur 
face be considered but it increases as the velocity if 



:b, Google 



24 A CATECHISM OF 

th mp n b mid w th tl t m d g wh li 
th fn t t= Th th f t f ea h t k f 

PLO 1 mwlh mk Otk 

th m t 40 th 1 tt h w 1 

t tl b f t l III d th t tl gh 

th f t p t t IS th th f t p 

m t d bl d Th f t th t f y 

m h p h ui as tl 1 ty th ugl tl 

f t I It m t 11 dm 7 I 

t th m Of 9B 1 w h t 

ffl t p to hi t t t th 

fid 1 th th 1 w t t J t 

m gtl m 

Si Q—G T E! y PP t t m t 

f th f p d d m f t 

A — It h th t f tl bl g b d 

T! f f f hd g p h I, lly 

bee tdt t b t th t th p 1 

th rfce Iddth pdg ht 

fil f 1 t p d Th f f b 

b ] b 1 g Ilj b tak t b t 

1 th f tb p ui und th sam m 

t b t m h tual p t wh 

hlmf mlb t mt lis tep db 
t th bb f t p b bly t 

tl tl d f tl m t 1 d d wl 

t tepdtllt dpd gt 

ineas p tb t f th t h vi dty 

f wh h m y 1 1 t t t d f th 

thf dmwthkdtlfim 

1 tthf ssry kpthb g 

Tirf ce m II th t by th d tj f th 



He*, b, Google 



THE STEAM ENGINE. 25 

unguent increases with the extent of the rubbing sur- 
face. In some experiments upon the friction of shafts 
by Mr. G. Rennie, he found that with a pressure of 
from 1 to 5 cwt. the friction did not exceed -^^ih of 
the pressure when taJlow was the unguent employed; 
with soft soap it became j'^th. Tho nature of the un- 
guent, proper for different hearings, appears to depend 
in a great measure upon the amount of the pressure 
to which they are subjected, — the hardest unguents 
being best where the pressure is greatest. 

38. Q — What do you understand by a horse power ? 

A — An amuunt of meihamcal fon-e that will raise 
33 000 lbs one toot high lu a mmute This etandaid 
was idopted by Mr Witt aa the aieiage font ex 
erted by the strongest London hoises the object of 
his iniestigation bfrag to enable hun to determint the 
relation between the power of a ceitain size of cngme, 
and the power of i hor>>e so that when it was desired 
to supersede the use of hoises bj the erection of an 
pngme he might from the number of hoi&is era 
ployed determine the size of engine that would bo 
suitable foi the work 

39 Q— rhin, when we talk of an engme of 200- 
horse power it is meant that the impelling efficacy 
la equal to that of 200 horses eoth hftmg 33,000 lbs 
jne foot high in i mmute ' 

J — No not now, such wis the case in Witt a 
cngmeh but the capacity of cyhnder answerable to a 
hoise power has been increased by most engineeis 
= nte his time and the pressure on the piston has bccu 
increased ilso so that what is now called i i,00 horse 
poner engme eserts almost in every tase a greater 



:b, Google 



26 

power than was exerted in Watt a time, and a horse 
power has hccome a mere conyentmnal unit for e\ 
pressing a certain size of cylindei, without leferento 
to the power exerted. 

40. Q. — Then each nominal horse powei of a mod- 
om en^ne may raise much more than 83,OfJO lbs one 
foot high in a minute ? 

^.— Yes ; some raise 50,000 Ihs , others 60,000 Ibi. 
and others 66,000 !hs., one foot high m a minute by 
each nominal horsepower; and therefore no compdii 
son can be made between the perftrmanceb of different 
engines, unless the power actually exerted be first dis- 
covered. 

41. Q. — How is this discovery made ' 

A. — By means of an inatrument cilled the mdioator, 
which consists of a smay cyhndei, about an inch in 
diameter, fitted ■with a pislon, which is pressed down 
by a spring Thi» piston, by the height to nhich it 
rises a^mst the spring, indicates the pressure within 
the cylinder of the engine , and the number ot pounds' 
pressuie on the square inch multiplied by the number 
of square inches in the area of the eyhnder, and by 
the number of feet travelled thiough by the piston pei 
minute, gnes the amount of impelling lorue From 
this a tnfliog deduction — about a tenth m the case of 
large engines is enough — ib fo be made for fnttton, 
&G., and the remamdei ]s the efiectiie moving force 
which, divided by 33,000 Ibf. , gives the actual horse 
power, 

42. Q. — What quantity of steam is supposed to be 
consumed by en^nes per horse power? 

A. — About 33 cubic feet per minute, according to 
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Mr. Watt's rule, or a cubic foot of water raised into 
steam per hour, which is the proportion assumed by 
many persons, and which nearly agrees with that 
adopted by Mr. Watt, Any such rules, however, can 
only have a very partial application in modem engines, 
as it is now the common practice to work engines more 
or less expansively; and, in such cases, less than the 
quantity of«team formerly necessary, is used. 

43. Q. — What is meant by working engines expan- 
sively ? 

A. — Adjusting the valves, so that the steam is shut 
off from the cylinder before the end of the stroke, 
whereby the residue of the stroke is left to be com- 
pleted by the expanding steam. 

44. Q. — And what is the benefit of that practice? 
A. — It accomplishes an important saving of steam, 

or, what is the same thing, of fue], but it diminishes the 
power of the engine, while increasing the power of the 
steam. A larger engine will be required to do the 
same work ; but the work will be done with a smaller 
consumption of fuel. If, for example, the steam be shut 
off when onJy half the stroke is completed, there will 
only be half the quantity of steam used. But there 
will he more than half the power exerted ; for although 
the pressure of the steam deoteases after the supplj 
entering from the boder is shut off jet it impirts 
during its espansinn some powet, and that powir if 11 
clear, is obtained without any expendituie of steim 
or fuel whatever 

45. Q. — Can you gm, aiij rule foi ascei taming the 
amount of benefit derivable from expansion ? 

4. — Divide the length of stroke through which the 
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steam expands, by the length of stroke performed with 
full pressure, which call 1 ; the hyperbolic logarithm 
of the quotient is the increase of efficiency due to ex- 
pansion. According to this rule it will be found, that 
if a ^ven quantity of steam, the power of which work- 
ing at full pressure is represented by I, be admitted 
into a cylinder of such a size that its ingress is con- 
cluded when one-balf the stroke has been»performed, 
its efficacy will be raised hy expansion to 1-09 ; if the 
admission of the steam be stopped at one-third of the 
stroke, the efficacy will be 2-10 ; at one-fourth, 2-39 ; 
at one-fifth, 2-61; at one-sixth, 2''!9; at one-seventh, 
2-95; at one-eighth, 3-08. The expansion, however, 
cannot be carried beneficially so far as one-eighth, un- 
less the pressure of the steam in the boiler be very 
considerable, on account of the inconvenient size of 
cylinder or speed of piston which would require to 
be adopted, the fricljon of the engine, and the resist- 
ance of vapor in the condenser, which all become 
relatively greater with a smaller urging force. 

46. Q. — ^What is meant by latent heat ? 

A. — By latent heat is meant the heat existing in 
bodies which is not discoverable by the touch or hy 
the theiTOometer, but which manifests its existence by 
producing a change of state. Heat is absorbed in the 
liquefaction of ice, and in the vaporization of water, 
yet the temperature does not rise during either process, 
and the heat absorbed is therefore said to become 
latent. The term is somewhat objectionable, as the 
effect proper to the absorption of heat has in each case 
been made visible ; and it would be as reasonable to call 
hot water latent steam. Latent heat, in the present 
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acceptation of the term, means sensible liquefaction or 
vaporization ; but to produce these changes heat is as 
necessary as to produce on expansion of the mercury 
in a thermometer tube, and it is hard to see on what 
g^round heat can be said to be latent when its presence 
is miide manifest by a change of state. It is the tem- 
perature only that is latent, and latent temperature 
means sensible something else. 

47. Q. — But when you talk of the latent heat of 
steam, what do you mean to express ? 

A — I mean to e p ess the heat consumed in accom- 
pl h g th p zat n mpa d w tl tl t necessary 
f p d ng th t mp tu Th 1 t t heat of 
t u ually k d t b t 10 d rees ; by 

wh h t neant th t tl as m h 1 at in any 

"1 n w ght f t m 'u, w uld t nstituent 

watei 1000 decrees if the expansion of the water 
could be firevented, or as would raise 1000 times that 
quantity of water one degree. The boiling point is 
180 degrees above the freezing point; so that it re- 
quires 1180 times as much heat to raise a lb. of water 
into steam, as to raise 1180 lbs. of water one degree; 
or it requires about as much heat to raise a pound of 
boiling water into steam as would raise 6 J lbs. of water 
from the freezing to the boiling point; 5i multiplied 
by 180 being 990, or 1000 nearly. 

48. Q. — What do you understand by specific heat ? 
A. — By specific heat, I understand the relative 

quantities of heat in bodies at the same temperature, 
just as by specilic gravity I understand the relative 
quantities of matter in bodies of the same bulk. Equal 
weights of quicksilver and water at the same terapera- 
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tme do not conUm the same quintiiies of heat, any 
mure thin tquil bulks of those liquids contaia the 
sime quintitj of matter The abfiolute quantitj of 
heat in any body is not known, but the relatue heat 
of bodies at the same temperature oi in ofhei woids 
thui specific heats, ha^e been asiertiined andamngpd 
in tabks, the spenfio heat of water being taken is 

49 Q —What Cipansion doBS watfi undei_o in its 



into steam ' 

-.1 — A tubic inch ot watei mikes about a i,ubic toot 
of steam of the atmospheric pressure. 

50. Q. — And how much at a higher pressure ? 

A. — That depends upon what the pressure is. The 
higher the pressijre, the smaller will be the volume of 
steam from a ^ven quantity of water ; for high pres- 
sure steam is just low pressure steam forced into a less 

61. Q. — If this he so, the quantity of heat in a given 
weight of steam is the same, whether it is high or low 
pressure steam ' 

A — Y th h t n t m t t qu nt ty 

n arly t 11 p f th team b s. t t d 

th w t St m t wl h dd t 1 j t ty t 

1 t las b p rt d ft 1 gth hoi 
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52. Q — B t t) t perature of steam, varies with 
tlie pressu e 

A. — \es tie te per ture rises with the pressure, 
but the latent heat becomes leas in the same propor- 
tjoii. The latent heat of high pressure steam is less 
therefore tl a tl it ot low pressure steam, ivhile the 
sensible heat is gieater, and the two taken togethei 
make up the same sum at all temperatures. 

53. Q. — Ia there any benefit arising from the use of 
high pressure steam in steam engines ? 

A. — In high pressure, as contrasted witli cendensing 
engines, there is always the loss of the vacuum, which 
will generally amount to 12 or 13 lbs. on the square 

64. Q. — But in high pressure engines, is there any 
benefit arising from the use of a very high pressure 
over a pressure of a moderate account ? 

A. — Yes, there is an advantage ; for, in ail high 
pressure engines, there is a diminution in the power 
caused by the counteracting pressure of the atmosphere 
on the educting aide of the piston ; for the force of the 
piston in its descent would obviously be greater, if 
there was a vacuum beneath it; and the counteracting 
pressure of the atmosphere is relatively less when the 
steam used is of a very high pressure. It is clear, that 
if you bring down the pressure of the steam in a high 
pressure engine to the pressure of the atmosphere, it 
will not exert any power at all, whatever quantity of 
steam may be expended, and if the pressure be brought 
nearly as low as that of the atmosphere, the en^ne 
will exert only a very small amount of po;wer ; whereas, 
if a very high pressure be employed, the pressure of 
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tl e atn ospl p e will become relatively as smaJl in 
CO ntera t g the impelling pressm-e, as the attenuated 
a| or u the eo denser of a condensing engine is in 
re t g tl e 1 wer pressure wMcli is there employed. 

55. Q. — In the case of condensing engines, is there 
any benefit derivable from the use of steam of a high 

A. — Setting aside loss from friction, and auppoang 
the \'a«uuiii to be a perfect one, there would be no 
benefit arising from the use of steam of a high pressure 
in condensing engines, for the same weight of steam 
used without expansion, or with the same measure of 
expansion, would produce at every pressure the same 
amount of mechanical power. A piston, with a square 
foot of area, and a stroke of three feet, with a pressure 
of one atmosphere, would obviously lift the same weight 
through the same distance, as a cylinder with half a 
square foot of area, and a stroke of three feet, with a 
pressure of two atmospheres. In the one case, we have 
three cubic feet of steam of the pressure of one atmo- 
sphere, and in the other case Ij cubic feet of the pres- 
sure of two atmospheres. But there is the same weight 
of steam, or the same quantity of heat and water in it, 
I th fl t t pp g ght f 
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so that even in tlie case of condensing engines, there 
is a benefit arising from the use of steam of a consider- 
able pressuie. Expansion cannot he carried beneficially 
to any great extent, unless the initial pre^ure be con- 
siderable ; for if steam of a low pressure were used, tbe 
ultimate tension would be reduced to a point so nearly 
approaching that of tbe vapor in the condenser, that 
the difference would not suffice to overcome the friction 
of the piston ; and a loss of power would be occasioned 
by carrying expansion to such aa extent. In some of 
the Cornish engines, the steam is cut off at one-twelfth 
of the stroke ; but there would be a loss arising from 
carrying the expansion so far, instead of a gain, unless 
tbe pressure of the steam were considerable. It is clear, 
that in the case of engines which carry expansion very 
far, a very perfect vacuum in the condenser is more 
important than it is in other cases. Nothing can be 
easier than to compute the ultimate pressure of ex- 
panded steam, so as to see at what point expansion ceases 
to he productive of benefit ; for as the pressure of ex- 
panded steam is inversely as the space occupied, the 
terminal pressure when tbe expansion is twelve times, is 
just one-twelfth of what it was at first, and so on, in all 
other pioportions. The total pressure should be taken as 
the initial pressure — not the pressure on the safety valve, 
but that pressure plus the pressure of the atmosphere. 

56. Q. — Then in high pressure engines working at 
from 70 to 90 lbs. on the square inch, as in the case of 
locomotives, the efficiency of a given quantity of water 
raised into steam may be considered to be about the 
same as in condensing engines ? 

A. — Yes, there will not be much difference in the 
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case supposed ; if the pressure of steam in a high 
pressure engine be 120 lbs., or 105 lbs. abo e tl at 
mosphere, then the resistance occasioned by th itm 
sphere will cause a loss of ^th of the po e If the 
pressure of the steam in a low pressure e j, e bo 
16 lbs. on the square inch, or 1 lb. above the atn o phe e 
and the tension of the vapor in the conden e he equ v 
aleut to four inches of mercury, or 2 lbs. of pressure 
on the square inch, then the resistance occasioned by 
this rare vapor will also cause a loss of -J-th of the power. 
A high pressure engine, therefore, with a pressure of 
105 lbs. above the atmosphere, works with only the 
same loss from resistance to the piston, as a low pres- 
sure engine with a pressure of 1 lb. above the atmo- 
sphere ; and with these proportions the power jft^iduced 
by a given weight of steam will be the same, whether 
the engine be high pressure or condensing. 

57. §. — Is there any limit to the force of steam ? 
A. — Yes ; there is a limit regulated by the modulus 

of elasticity of water, which at a temperature of 60° is 
22,100 atmospheres. The modulus of elasticity, of 
any substance, is the measure of its elastic force, and 
if water be enclosed in a close vessel which it exactly 
fills, and be then subjected to heat, the expanding foice, 
it is clear, is that of compressed water — for no steam 
can be produced under such circumstances — and ivu 
have this proportion : as the volume of expanded water 
is to the amount of expansion, so is the modulus of 
elasticity of water to the elastic force of steam of the 
same density as water. 

58. §.-^Have experiments been made to determmo 
the elasticity of steam at different t« 
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A. — Yes ; very careful experiments. The fol- 
lowing' rule expresses the results obtained by Mr. 
Soutliem ; — To the given temperature in degrees of 
Fahrenheit add 51'3 degrees; from the logarithm of 
the sum, subtract the logarithm of ISS'^BT, Trhich is 
2-132V940 ; multiply the remainder by 5-13, and to the 
natural number answering to the sum, add the con- 
stant fraction -I, which will give the elastic force in 
inches of mercury. If the elastic force be known, and 
it is wanted to determine the corresponding temperature, 
thi" rule must be modified thus: — From the elastic 
force niclcsotnec ■> subtract the d c mal I 
d \ de the 1 g,ar th n of the lem nder by 5 13 and to 
the quotent add the 1 gantl m " 1327940 hnd the 

atuwl nun be ans er ng to tl e um and subtract 
theretrom the on tant 51 3 the remaader wll be 
tl e tempe at r s gl t D e French Academy and 
lie Era kh Inst tute ha e repeated M So therns 
e perimenta on a liiger scale tl e re ults obtamed by 
tl m are ut v dely different and we perhaps neaier 
tl e truth hut M Southe n a results a e gene liy 

dopted by engineers as sufhc entJy ace rate for 
p a t oal purposes and those es If s be ng dentifled 

V th e g nee mg p -act ce t appears exped ent to re 
t n them 

59 ^ — Whit 1 w s followed by suichar^ed sf ea n 
on the application ot heat 1 

A. — The same as that followed by mr, in which the 
increments in volume are very nearly in the same pro- 
portion aa the increments in temperature. A volume 
of air which, at the temperature of 32°, occupies 100 
cubic feet, will at 212o fill a space of 137J cubic feet 



:b, Google 



86 A CATECHI3M OF 

The volmce whioh air or steam out of contact with 
Trat r of agnentempeiature icq ures by be ng heated 
to a higher tempeiature the pres-sure remaining the 
same miy be found by the foEowing rule — To e'lch 
of the icmperaturef. before and after expansion add 
the constant mimbei 459 dmde the ^iea.ter sum bj 
the les'- and mnhiplj the quotient by the \olumu at 
the lower tpmperatuie the pr du(,t will give the ex 
pandnd v olume 

60 Q — If the relative volumes ot stpani and water 
are known is it possible to tell the quantity of ■nater 
whiLh should be s ij plied to a boiler when (he quan 
titv of steam expended is specitied " 

A. — T: es ; at the atmospheric pressure, a cubic inch 
of water has to be supplied to the boiler for every cubic 
foot of steam abstracted ; at other pressures, the rela- 
tive bulk of water and steam may be determined as 
follows : — To the temperature of steam in degrees of 
Fahrenheit, add the constant number 459, multiply the 
sum by '15-'7, and divide the product by the elastic 
force of the steam in. inches of mercury, and the quo- 
tient will give the volume reqmred. In practice, how- 
ever, it is necessaay that the feed pump should be 
able to supply the boiler with a much larger quantity 
of water than what is indicated by these proportions, 
from the risk of leaks, priming, or the accidental sub- 
sidence of the water to a dangerously low level, which 
it is necessary as speedily as possible to remedy. It 
appears expedient that the feed pump should be capable 
of raising 3^ times the water evaporated by the boiler ; 
it is therefore made about 240th of the capacity of the 
cylinder for low pressure engines, suppOMug the cylinder 
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to be double acting, and the pump single acting. In 
high pressure engines, however, the capacity of the 
pump should be greater, in proportion to the pressure 
of the steam, 

61. Q. — How do you estimate the quantity of watei 
requisite for condensation ? 

A. — Mr. Watt found that the most beneficial tem- 
perature of the hot Tell of his en^nes was 100 degrees. 
If th f th temp tur fth f ml 1 d 

th 1 t t h t 1 000 th 1 21 m J b t k t 

p t th h t t I th te 111 

f d d t tl t rap tur f th h t w 11 If h 
t mp rat ir f th j t w t b 50 th 50 d 
gr f id U bl f th h t t i 1 t 

d tl tllq ftyfhttb htitda 
th t q t t ai th qua 1 1^ f w t th 

1 112 d gr 1 112 tmes th t q t ty 

d tTV Id fift th fthi 2224tm 

th q ant tyfwt mth tmSOdgr A 

b m h t wat th f d to te m will 

require 22 -4 cubic mi,hes of water at SO degrees foi its 
condensation, and will form therewith 23-24 cubic inches 
of hot water at 100 degrees. Mr. Watt's practice was 
to allow about a wine pint (28-9 cubic inches) of in- 
jection water, for every cubic inch of water evaporated 
from the boiler. The usual capacity for the cold water 
pump is -^^th of the capacity of the cylinder, which 
allows some water to run to waste. 

62. Q. — Is not a good vacuum in an engine con- 
ducive to increased power ? 

A.— It is. 

63. Q. — And is not the vacuum good in the pro- 
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portion in which the temperature is low, supposing 
there to be no mr leais ? 
^.— Yes. 

64. §.— Then how cotdd Mr. Watt find a tempera- 
ture of 100"^ in tlie water drawn from tte condenser, 
to be more beneficial than a temperature of 70° or 
80°, supposing there to be an abundant supply of cold 

A. — Because the superior vacuum due to i. tempe- 
rature of 70° or 80° iuTOlves the admisaon of so much 
cold water into the condenser, which has afterwards 
to be pumped out in opposition to the pressure of the 
atmosphere, that the gain in the vacuum does not ec[ual 
the loss of power occasioned by the additional load upon 
the pump ; and there is therefore a clear loss by the re- 
duction of the temperature below 100°, if such reduc- 
tion he caused by the admission of an additional quantity 
of water. If the reduction of temperatiu'e, however, be 
caused by the use of colder water, there is a gain pro- 
duced by it, though the giun. wiU within certain limits 
be greater, if advantage be taken of the lowness of the 
temperature to diminish the quantity of injection. 

65. Q. — Cannot the condensation of tie steam he 
accomplished by any other means, than by the admis- 
sion of cold water into the condenser ? 

A. — It may be accomplished by the method of ex- 
ternal cold, as it is called, which consists m the appli- 
cation of a large number of thin metallic surfaces to the 
condenser, on the one side of which the steam circulates, 
while on the other side there is a constant current of 
cold water, and the steam is condensed by comipg into 
contact with the cold surfaces, without minglbg with 
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the wafer used for the purpose of refrigeration. The 
first kind of condenser employed by Mr. Watt was con- 
structed after tills fashion, but he found it in practice 
to be inconvenient from its size, and to become furred 
up or incmsted when the water was bad, whereby the 
conducting power of the metal was impaired. He there- 
fore reverted to the use of the jet of cold water, as being 
upon the whole preferable. The jet entered the con- 
denser instead of the cylinder as was the previous prac- 
tice, and tBis method is now the one in common use. 
Some few years ago, a good number of steam vessels 
were fitted with Hall's condensers, which operated on 
the principle of esternal cold, and which consisted of a 
fagot of small copper tubes surrounded by water ; but 
the use of those condensers has not been persisted in, 
and most of the vessels fitted with them have returned 
to the ordinary plan. 

66, Q. — How much water will a pound of coal raise 
into steam ? 

A. — From 6 to 8 lbs. of water in the generality of 
land boilers of medium quality, the difierence depending 
on the kind of boiler, the kind of coal, and other cir- 
cumstances. Mr. Watt reckoned his boilers as capable 
of evaporating 10-08 cubic feet of water with a bushel 
or 84 lbs. of coal, which is eqiuvalent to T^lbs. of water 
evaporated by one pound of coal, and this may be taken 
as the performance of common land boilers at the pres- 
ent time. In some of the Cornish boilers, however, a 
pound of coal raises 10 lbs. of water into steam, or a 
cwt. of coal evaporates about 19 cubic feet of water. 
The quantity of fuel burned on each square foot of fire 
grate per hour, varies very much in different boilers : 
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in wagon boilers it is from 10 to 13 lbs. ; in Coruisli 
boilers from 3^ to 4 lbs. ; and in locomotive boilers from 
80 to 100 lbs. The number of square feet of surface 
required to evaporate a cubic foot of water per hour is 
about 70 square feet in Cornish boilers, 9 to 11 square 
feet in land and marine boilers, and about 6 square feet 
in locomotive boilers. The number of square feet of 
heating surface per square foot of fire grate, is from 
13 to 16 square feet in wagon boilers ; about 40 square 
feet in Coruish boilers ; aud from 50 to 70 Square feet 
ia locomotive boilers. 

67, Q, — But what is the Iieatiiig surface per horse 
power ? 

A. — About 9 square feet per horse power is the 
usual proportion in wagon boilers, reckoning the total 
surface as effective surface, if the boilers be of a con- 
siderable size ; but in the case of small boilers the pro- 
portion is larger. The total heating surface of a two- 
horse power wagon boiler is, according to Boulton and 
Watt's proportions, 30 square feet or 15 ft. per horse 
power ; whereas, in the case of a 45-horse power boiler 
the totalheating3urfaceisi38 square feet or 9'6 ft, per 
horse power. The capacity of steam room is 8|- cubic 
feet per horse power, in the two-horse power boiler, 
and 5-J cubic feet in the 20-horse power boiler ; and 
in the larger class of boilers, such as those suitable for 
SO and 45 horse power engines, the capacity of the 
steam room does not fall below this amount, and indeed 
is nearer 6 than Sf cubic feet per horse power. The 
content of water is 1 8 ^ cubic feet per horse power in the 
two-horse power boiler, and 15 cubic feet per horse 
power in the 20-horse power boiler. In marine boileri 
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about the same proportions obtain in most particulars. 
The original boilers of the " Great Western" steamer, 
by Messrs. Maudslay, were proportioned with about 
half a square foot of fire grate per horse power, and ten 
square feet of flue and fumaee surface, reckoning the 
total amount as effective; but in the boilers of the 
" Kctribution," by the same makers, a someirliat smaller 
proportion of healing surface wsa adopted. Boulton 
and Watt have found that in their marine flue boilers 

9 square feet of flue and furnace surface are requisite 

10 boil off a cubic foot of water per hour, which is the 
proportion that obtains in their land boilers ; but inas- 
much as in modem engines the nominal con^derably 
exceeds the actual power, they allow 1 1 square feet of 
heating surface per nominal horse power in their 
marine boilers, and they reckon as effective heating 
surface, the tops of the flues, and the whole of the 
sides of the flues, but not the bottoms. They have 
been in the habit of allowing for the capacity of the 
steam space in marine boilers 16 times the content of 
the cylinder; but as there are two cylinders, this is 
equivalent to 8 times the content of both cylinders, 
which is the proportion commonly followed in land en- 
gines, and which agrees very nearly with the proportion 
of between 6 and 6 cubic feet of steam room per horse 
power. Taking, for example, an en^ne with 23 inches 
diameter of cylinder and 4 feet stroke — which will be 
18'4 horae power — the area of the cylinder will be 
415'476 square inches, which multiplied by 48, the 
number of inches in the stroke, will give 19942'848 for 
the capacity of the cylinder in cubic inches ; 8 times 
this is 159542-'784 cubic inches, or 02-3 cubic feet ; 92-3 



:b, Google 



42 A CATKCUISM or 

divided by 18'4 is ratlicr more than S cubic feet per 
horse power. There is less necessity, however, that the 
steam space should he large when the flow of steam ft-om 
the boiler is very uniform, as it will be where there are 
tw gin tta h d t th b I t ght gl vith 
th 1 th I, w k t t 

pdasmth flmt m Alh 

t 1 t to by d mg bin to tl 

t m p p pnm gaat 11 dm dfiilt 

b t th tj f 1 g t p d 

the use of steam of a high pressure, worked espanaively, 
has the same operation ; so that in modern marine 
boilers, of the tubular construction, where the whole 
of these modifying circumstances esist, there is no ne- 
cessity for so large a proportion of steam room as 5 or 
6 cubic feet per horse power, and about half that amount 
more nearly represents the general practice. In many 
of the marine tubular boilers, however, the steam space 
is made too small ; in some cases only I-^ cubic feet 
per ho«e power ; but the operation of boilers thus pro- 
portioned is not satisfactory. The proportion of 11 
square feet of heating surface per nominal horse power, 
reckoning all the surface as effective, half a sq^uare foot 
of fire grate, and 3 cubic feet of steam room, seems to 
answer very well for tubular boilers, where the steam 
chest rises above the boiler, and the engines work ex- 
pansively through one-third or one-fourth of the stroke. 
Boulton and Watt allow 0-64 of a square foot per 
nominal horse power of grate bars in thch marine 
boilers, and a good effect arises from this proportion ; 
but sometimes so large an area of fire grate cannot be 
conveniently got, and the proportion of half a square 
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foot per liorso power seems to answer veiy well in en- 
gines working with some expansion, and is now very 
widely adopted. Witli tHs allowance, there will be 
about 22 square feet of heating surface per square foot 
of fire grate, and if the consumption of fuel be taken 
at 6 lbs. per nominal horse power per hour, there will be 
1 2 lbs. of coal consumed per hour on each square foot 
of grate. The furnaces should not be more than 6 ft. 
long, as, if much longer than this, it is impossible to fire 
them effectually. 

68. Q. — Can the consumption be nidde as small as 
6 lbs. per nominal horse power per hour ■' 

A. — It can by working ex:pansively, and in some 
engines the consumption pei nommal horae power per 
hour does not exceed this amount 

69. Q. — Can the consumption be made as low as 
6 lbs. per actual horse power per houi without resort- 
ing to expansion ? 

A. — An actual horse power, or 33,000 lbs. raised one 
foot high in the minute, is represented by the evapora- 
tion of a cubic foot of water in the hour ; and if a cubic 
foot of water has to be evaporated by 6 lbs. of coal, 
then 1 lb. of coal must be capable of evaporating lOj 
lbs. of water, which is more than the usual proportion, 
and engines, therefore, with such a rate of consumption, 
may be set down as derimg a part of their economy 
from expansion, 

'TO. Q. — Would it not be beneficial to introduce the 
Cornish boilers into steam vessels, since they operate 
with a superior economy in fuel ? 

A. — No ; it would not. The superior economy of 
tlie Cornish boilers is not derived from any peculiarity 
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of form or arrangement, but from tte immense exten- 
sion of heating surface, which, though productive of 
economy in fuel, is attended with an increased expense 
of boiler, while the space oociipied is such as in the 
case of a steam yessel would be quite inadmissible. If 
a marine boiler he made with the same quantity of 
surface as a Cornish boiler, the marine boiler is found 
to be the more economical of the two. 

71. Q. — Is not the combustion in the furnaces of 
the Cornish boilers very slow ? 

A. — Yes, very slow ; ajid there is in consequence 
very little smoke evolved. It is an important part of 
smoke burning to make the combustion slow ; and the 
chief instigator of smoke, is an insulflcient aze of fur- 
nace. The coal used in Cornwall is Welsh coal, which 
evolves but little smoke, and is therefore more favora^ 
ble for the success of a smokeless furnace ; hut in the 
manufacturing districts, where the coal is more bitumi- 
nous, it is found that smoke may be almost wholly pre- 
vented by careful firing and a large capacity of furnace. 

72. §.— What is the nature of combustion? 

A. — Combustion is nothing more than an energetic 
chemical combination ; or, in other words, it is the 
mutual neutiulization of opposing electricities. Wien 
coal is brought to a high temperature it acquires a 
strong affinity for oxygen, and combination with oxygen 
will produce more than sufficient heat to maintain the 
original temperature. 

73. Q. — Does air consist of oxygen ? 

A. — Air consists of osygen and nitrogen mixed to- 
gether, in the proportion of 3j lbs. of nitrogen to 1 lb, 
of oxygen. Every pound of coal requires about two 
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pounds of oxygen for its saturation, and therefore for 
every pound of coal burned seven pounds of nitrogen 
must pass through the fire, supposing all the oxygen 
to enter into combination. In practice, however, this 
perfection of combination does not exist; from one- 
third to one-half of the oxygen will pass through the 
iire without entering into combination ; so that from 
12 to 14 lbs. of air are required for every pomid of 
.'oal burned. 12 lbs. of iiir are about 160 cubic feet, 
and 200 cubic feet may be taken as the quantity of air 
required for the combustion ofapoundof coal in practice. 

74, Q.— Had Mr. Watt any method of consuming 
smoke ? 

A. — He tried various methods, but eventually fixed 
upon the method of coking the coal on a dead plate at 
the furnace door, before pushing it into the fire. That 
method is perfectly effectual where the combustion is so 
slow that the requisite time for coking is allowed, and it 
is much preferable to any of the methods of admitting 
air at the bridge or elsewhere, to accomplish the com- 
bustion of the inflammable parts of the smoke. But the 
best arrangement for smoke burning is, it appears to me, 
that of the revolving grate, which feeds the fire at the 
same time by a self-acting mechanism. In this p!an, the 
fire grate is made like a round table capable of turning 
upon a centre ; a shower of coal is precipitated upon the 
grate through a slit in the boiler near the furnace mouth, 
and the smoke evolved from the coal dropped at the front 
part of the fire is consumed by passing over the incan- 
descent fuel at the back part, from which all the smoke 
must have been expelled in the revolution of the grate 
before it can have reached that position. 
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75. Q. — Is a furnace of this kind appbi-alile tu a 
steam vessel ? 

A, — I aee nothing to p e t 'ts apphcation The 
arrangement of the bo 1 hould p J aps be changed, 
to facilitate its appli t on and I hould pretei to 
combine its use with tl e employment f vertical tubes, 
which are found to he m e efii a ous m practii-e 
than horizontal tubes but th nn ation is not m 
dispensable. The introd t on of any eftcctual auto 
matic contrivance for t ed i^ tl e fi c steaia i essels, 
would bring about an impo t nt e onomy, at the same 
time that it would give tl e assuran e of the work being 
better done. It is very difficult to fire furnaces by 
hand effeotvially at sea, especially in rough weather and 
in tropical chmates ; whereas machinery would be un 
afifected by any such impediments, and would perforic 
with fittle expense the work of many men. 

76. Q. — The introduction of some mechanical 
method of feeding the fire with coals would enable a 
double tier of furnaces to be adopted in steam vessels 
without inconvenience ? 

A. — Yes, it would have at least that tendency ; and 
as the space available for area of grate is limited in a 
steam vessel by the width of the vessel, it would be a 
gi'eat convenience if a double tier of furnaces could 
be employed without a diminished effect. It appears 
to me, however, that the objection would still remain 
of the steam raised by the lower furnace being cooled 
and deadened by the air entering the ash-pit of the 
upper fire, for it would strike upon the metal of the 
ash-pit bottom ; but this surface could be covered witli 
fire-brick to diminish the refrigeratory effect. 
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V7. Q. — What method of firing furnaces is the best ? 

J.— The I h Id b b k up into small 
pieces, and p Itl d thinly d ly over the fire si 

little at a tim Th th kn f th stratum of coal 
upon the gnt h uld d p d p the intensity of 
the draft : ii d y 1 d mm boilers it should 
be thin, wh as 1 m t hi it requires to be 
much thicke If th t t m f il be thick while 
the draft is 1 g h th c< b d resulting from 

combustion mb th an dd t al atom of carbon 

in passing tl ugh th fi d nverted into car- 

borne oxide whhnyb dhdtobe invisible 
smoke, as it ai ff p t t the fuel : if, on the 

contrary, th tr turn f 1 b th while the draft is 
very rapid, an j la f g rat n is occasioned by 
the excess of ir p 1h ^h the furnace. The 

fire should always be spread of uniform thickness over 
the bars of the grate, and should be without any holes 
or uncovered places, which greatly diminish the effect 
of the fuel bj' the refrigeratory action of the stream of 
cold air which enters thereby. 

78. Q. — What is the method of consuming smoke 
pursued in the manufacturing districts ? 

A. — In Manchester, where some stringent regula- 
tions for the prevention of smoke have latterly been 
enacted, it is found that the readiest way of burning 
the smoke is to have a very large proportion of fur- 
nace room, whereby slow combustion may be carried 
on, and the operation of the dead plate, prescribed by 
Mr. Watt, may be made more effectual. In some 
cases, too, a favorable result is arrived at by raising 
a ridge of coal across the furnace lying against the 
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bridge, and of the same height: this ridge speedily 
becomes a mass of coke, which promotes the combus- 
tion of the smoke passing over it. 

'78. Q. — la the method of admitting a atreara of air 
■ t th fl d df rally' 

A — N f f und t b p d t f jury t 
th b 1 by tl I t It t f temp t ir 

t ca t m tm Id p g th 

fthbl dtthtmflmjtas 

tl b pp t b m k m k m tt d by 

tb f B I th f p nt p th 

p plpdlybmlkyd hw 

by d t th t f th p ssin d rabl 

tb 1 bl to p! d It y d ffi It t p 

p t tl q tty f d tted t th ry 

ant f th fi d may t m t es b 

ruhmwhtl mktnsm 1 
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pormittiag the admixture of any of the uninflammable 
products of combustion which enter into the composi- 
tion of smoke ; but this object has been very imper- 
fectly fulfilled in any of the contrivances yet brought 
uu ler the notice of the public, and as the revolving 
griite, without aspiring to a theoretic perfection, seems 
to achieve the combustion of the smoke when the fire 
k not urged with vehemence, and as it saves in addi- 
tion the labor of firing, it seems to be entitled to a 
preference in practice. Jucke's furnace, which con- 
Msts of an arrangement of the fire bars in the form of 
an endless chain, whereby the coal is gradually carried 
forward as it burns, and the ashes and clinkers are 
precipitated into the ash-pit at the extremity of the 
furnace where the chain turns down over the extreme 
carrying roller, is also well spoken of ; but it is more 
expensive to construct than liie revolving grate, and 
more difficult to keep in repair. Tlie patent-right of 
the revolving grate expired some years ago, which 
may, perhaps, be in some cases a further suasory to 
its adoption. 

81. Q. — You have stated that an actual horse 
power is a force capable of raising 33,000 lbs one foot 
high in the minute, or a dynamical effoit such as is 
pixiduced by an expenditure of 33 cubic feet of steam 
per minute, or the evaporation of a cubio foot ot watei 
per hour, but you have given no definition of the value 
of a nominal horse power. How do you ascertain the 
power of an engine in nominal horse power ? 

A. — The nominal power of an engine may be as- 
certained by the following rule ; multiply the square 
of the diameter of the cylinder in inches by the ve- 



:b, Google 



locity of tlie pbton in feet per minute, and divide the 
product by 6000 ; tbe quotieDt is tlie number of nom- 
inal horse power. In using this mle, however, it is 
necessary to adopt the speed of piston described by 
Mr. Watt, which varies with the length of the stroke. 
The speed of piston with a two feet stroke is, accoid- 
ing to his system, 160 per minute ; with a 2 ft. G in, 
stroke, ITO ; 3 ft., 180 ; 3 ft. 6 in., 189 ; 4 ft., 200 ; 
5 ft., 215 ; 6 ft., 228 ; 1 ft., 243 ; 8 ft., 256 ft. 

82. Q. — By ascertaining the ratio in which the ve- 
locity of the piston increases with the length of the 
stroke, could not the element of velocity be cast out 
altogether, and the nominal power be determined by a 
reference merely to the dimensions of the cylinder ? 

A. — Yes, and this for most purposes is the most 
convenient method of procedure ; multiply the square 
of the diameter of the cylinder in inches by the cube 
root of the stroke in feet, and divide the product by 
47 ; the quotient b the number of nominal horse power 
of the engine. This rule supposes a uniform effective 
pressure upon the piston of "1 lbs. per square inch. Mr. 
Watt estimated the effective pi^essure upon the piston 
'of his 4-horse power engines at 6-8 lbs. per square inch, 
and the pressuie incieased slightly with the power, 
and became 6 94 lbs ppr square inch m engines of 
100 lioise power, but it appears to he more convenient 
to take a uniform pressure of 1 lb*: for alt powers 
bmall eiiRme': mdeed, are somewhat less effectne in 
proportion thin large ones, but the difference can be 
made up by slightly increasing tlie pie-suie in the 
boiler ind small boilei'i mil lear sui,h in mcieise 
without mcomenience 
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83. Q. — Can nominal be transformed into actual 
horse power? 

A. — No, that is not possible in the case of cnm- 
mon condensing engines ; the actual power exerted by 
an engine cannot be deduced from its nominal power, 
neither can the nominal power be deduced from the 
power actually exerted, nor from any thing else thau the 
dimensions of the cylinder. The actual horse power 
is a dynamical unit, and the nominal horse power is a 
measure of capacity of the cylinder, which are obvi- 
ously incomparable things. 

84. Q. — That is, the nominal horse power expresses 
the size of an engine, and the actual horse power the 
number of times 33,000 lbs. it will lift one foot high in 
a minute ? 

A. — Precisely ; and to find the number of times 
33,000 lbs., or 523 cubic feet of water, it will i-aise one 
foot high in a minute — or, in other words, the actual 
power — you first find the pressure in the cylinder by 
means of the indicator, from which you deduct a pound 
and a half of pressure for friction, the loss of power in 
working the air pump, &c. ; multiply the area of the 
piston in square inches by this residual pressure, and 
by the motion of the p t n fe t per minute, and 
divide by 33,000 ; the qu t nt e the actual number 
of horses power. Tl an ult is attained by squar- 

ing the diameter ot tl >lnd multiplying by the 
pressure per squai n h a h n by the indicator, 
less a pound and a half a d by th motion of the pis- 
ton, in feet, and d dn by 42 017. The quantity 
thus arrived at will n I of nearly all modern 

engines, be very diff nt f m th t obtained by mul- 
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tiplying the square of tlie diameter of the cylinder by 
the cube root of the stroke, and dividing by 47. which 
expresses the uominal power; nnd the actual and nom- 
inal power must by no means be confounded, as they 
are totally different things. 

85. Q. — What is meant by the duty of an engine ? 
A. — The work done m relation to the fuel con- 

86. Q. — And how is the duty ascertained ? 

A, — In ordinary mill or marine engines it can only 
be ascertained by the indicator, aa the loiid upon such 
engines is variable, and cannot readily be determined ; 
but in the case of engines for pumping watei', where 
the load is constant, the number of strokes performed 
by the engine will represent the work done, and the 
amount of work done by a given quantity of coal rep- 
resents the duty. In Cornwall the duty of an engine 
is expressed by the number of millions of pounds 
raised one foot high by a bushel, or 94 lbs. of Welsh 
coal. A bushel of Newcastle coal will only weigh 
84 lbs. ; and in comparing tlie duty of a Cornish engine 
with the performance of an engine in some locality 
where a different kind of coal is used, it is necessary 
to pay regard to such variations, 

87. Q. — Can you tell the duty of an engine when 
you know its consumption of coal per horse power per 
hour? 

A. — Yes, if the power given he the actuaS, and not 
the nominal power. Divide 166-32 by the number of 
pounds of coal consumed per actual horse power per 
hour; the quotient ia the duty in millions of pounds. 
If you already have the duty in millions of pounds. 



:b, Google 



and wish to kno* the equivalent consumption in pounds 



law of variation is not accurately known. 

88. Q. — What amount of power is generated in 
good entries of the ordinary kind by a given weight of 

A. — The duty of different kinds of engines varies 
very much, and there are also great differences in the 
performance of different engines of the same class. In 
ordinary rotative condensing engines of good construc- 
tion, 10 lbs. of coal per nominal horse power per hour 
is a common consumprjon ; hut such engines exert 
nearly twice their nominal power, so that the con- 
sumption per actual horse power per hour may be taken 
at from 5 to 6 Its. Engines working very espanavely, 
however, attain an economy much superior to this. The 
average duty of the pumping engines in Cornwall ia 
about 60,000,000 lbs. raised 1 ft. high by a bushel of 
Welsh coals, which weighs 94 lbs. This is equiva- 
lent to a consumption of 3'1 lbs, of coal per actiial 
horse power per hour; but some engines reach a duty 
of above 100,000,000, or 1-74 lbs. of coal per actual 
horse power per hour. Locomotives consume from 8 
to 10 lbs. of coke in evaporating a cubic foot of water, 
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and the evaporation of a cubic foot of water per hour 
may be set down as representing an actual horse 
power in locomotives as well as in condensing engines. 
Measuring the consumption of fuel by the nunfber of 
tons a locomotive will draw through a given distance, it 
appears that passenger engines consume from J to -f lb, 
of coke pev ton per mile, and the goods engines from \ 
to ^ lb Wben the locomotive is worked expinsnel^ 
thpre IS of courst, a less consumption of watei and 
fuel per h>rsp power or pei ton pe milt, thin \ hen 
the full presaure is used throug! out the stioke ind 
roost locomot es now jperite w th as much txpan nn 
IS cin be con^cnientlv g.nen by the slide calves 

sn Q — But some Lmds of eoa] are moie effectm, 
thin other liinds and there wdl be a difference of 
e&ect trom this cause ' 

I — Yes In a boiler so proportioned that a pound 
ot the best Iftelsb c al m 11 e aporite 9 4J3 lbs oi 
water i pound of anthracite mil eiapo ate 9 014 
lbs of water a p und of the best smdl Nencastle 
8 524 lbs a pound of coke from ga works 7 DOS 
lbs a pound of W 1 h ai f Nen istle of mid um 
qualty miied half and half " 8'il lbs i pouid of 
Derbyshue 6 772 lbs and a pound of Bhth Mam 
Noithumbcrland b b lbs of water There thus ap 
pears to be a difference of at least one third in the 
efficacy of the different coals of commerce in rai u ^ 
steam Coal and coke ma> be re(,koned equal to one 
another m evapirativ ptwer A pound of wood m 
its ordinary state evaporates about 4'72 lbs. of water, 
and a pound of turf ,5'46 lbs. A pound of wood char- 
coal, however, is said to evaporate 13'37 lbs,, and a 
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pound of tutf charcoal ]1'63 lbs. The number of 
pounds of air consumed by a pound of any combustible 
is TCry nearly the same as the number of pounds of 
water it is capable of evaporating, though twice that 
quantity of air must pass through the fire. A pound 
of wood in its ordinary state requires 4*47 lbs. of air 
for its combustion,, and a pound of turf 4'61bs, If one 
pound of coal evaporate 9i lbs, of water, then a cubic 
foot of water will be evaporated by 6-58 lbs. of coal. 
6i lbs. of water evaporated by a pound of coal is 
equivalent to a cubic foot of water evaporated by 
9-61 lbs. of coal; and 4^ lbs. of water evaporated bj' 
a pound is equivalent to a cubic foot of water evap- 
orated by 13-88 lbs. of coal. In such of the Cornish 
boilers as evaporate 10 lbs. of water with a pound of 
coal, a cubic foot of water will be evaporated by 6i: 
lbs. of coal ; but the usual performance of tbe best 
Cornish boilers is about 9 lbs. of water evaporated by 
a pound of coal of the best quality. 

80. Q. — By what process do you ascertain tbe 
dimensions of the chimney ? 

A. — By a reference to the volume of air it is neces- 
sary in a given time to supply to the burning fuel, and 
to the velocity of motion produced by tbe rarefaction 
in the chimney ; for the ai-ea of the chimney requires 
to be such, that with the velocity due to that rarefac- 
tion, tbe quantity of air requisite for the combustion 
of the fuel shall pass through tbe furnace in the spe- 
cified time. Thus if 200 cubic feet of air of the at- 
mospheric density are required for the combustion of 
a pound of coal, and 10 lbs. of coal per horse power 
per hour are consumed by an engine, then 2000 cubic 
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of coal consumed under the boilei pei houi bj 12 and 
divide the product by the square root of the height ot 
the chimney in feet; the quotent is the area of the 
chimney in square inches m the smallest pirt A 
factory chimney suitable for a 20 horse boiler is i,im 
monly made about 20 in squiie inside ind 80 ft h gh 
and these dimensions are those which answer to a con- 
sumption of 16 lbs. of coal per horse power per hour, 
which is a very common consumption in factoiy 
engines. If 15 lbs. of coal be consumed per horse 
power per hour, the total consumption per hour in 
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a 20 hoi>-e faolet iull be oOO lb-, and 300 muhipUed 
by 12=^ "600 and dnided b\ 9 (the square loot ot tlie 
heigiit)^400 which is the area of the chimnpj in 
square inches It wdl ntt answei well to inciease the 
height of a chimney of this area to more thdn 40 or 
fiO jardt. without also ini-reasing the aiea, nor will it 
be of utility to increise the area much without also 
mtreasing the height The quantity of u>al consumed 
per hour m pounds, multiplied by 5 and divided b} 
the square root of the height of the chimnej, is the 
proper collective area of the openings between the 
bars of the grate for the admission of mr to the fire. 

91. Q. — Is this rule for the dimensions of the chim- 
ney also applicable to stea'm vessels? 

A. — In steam vessels Boulton and Watt allow 8-J 
square inches of area of chimney per horse power, and 
in marine Sue boilers they allow 18 square inches of 
sectional area of flue per horse power ; but this pro- 
portion appears to be about one-third greater than 
what is allowed by many other makers, whose boilers, 
howei-er, are scarcely so conspicuous for an abundant 
supply of steam. The sectional area of the flue in 
square inches is what is termed the calorimeter of the 
boiler, and the calorimeter divided by the length of 
the flue in feet is what is termed the vent. In maiine 
flue boilers of good construction the vent varies be- 
tween the limits of 21 and 25, according to the size of 
the boiler and other circumstances — the larg^t boilers 
having generally the largest vents; and the calori- 
meter divided by the vent will give the length of 
the flue in. feet. The collective area for the escape 
of the smoke and flame over the furnace bridges in 
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marine boilers is 19 square inches per horse power, ac- 
cording to Boulton and Watt's proportion. 

92. Q. — Are these proportions applicable to tubular 
and wagon boilers 1 

A. — No. In wagon and tubular boilers very dif- 
ferent proportions prevail, yet the proportions of every 
kind of boiler are determinable on the same general 
principle. In wagon boilers the proportion of the 
perimete.r of the flue which is effective as heating sur- 
face, is to the total perimeter as 1 to 3, or, in some 
cases, as 1 to 2'5 ; and with any given area of flue, 
therefore, the length of the flue must be from 3 to 2'S 
times greater than would be necessary if the total sur- 
face were eflective. If then the vent be the calorimeter 
divided by the length, and the length be made 3 or 2-5 
times greater, the vent must become 3 or 2-5 times less; 
and io wagon boilers accordingly the vent vaiies from 
8 to 11 instead of from 21 to 25, as in the case of ma- 
rine flue boilers. In Boulton and Watt's 4S-horse wag- 
on boiler the area of flue is 18 squai'e inches per horse 
power ; but the area per horse power increases very 
rapidlyasthe size of the boiler becomes less, and amounts 
to about 80 square inches per horse power in a boiler of 
two-horse power. Some such increase is obviously in- 
evitable if a similar form of flue be retained in the larger 
and smaller powers, and at the same time the elongation 
of the flue in the same proportion as the increase of any 
other dimension IS pi evented, but in the smaller class of 
wiigon boders the consideration of facility of cleaning 
the flues la also operative m inducing a large propor- 
tion of sectional area 13oulton and Watt's 2-horse 
power wsjjon boilet has 30 square feet of surface, 
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and the flue is 18 in. high above the level of the boiler 
bottom, by 9 in. wide; while their i2-h.orse wagon 
boUer has 118 square feet of heating surface, and the 
dlraensiona of the flue similarly measured are 36 in. 
by 13 in. The width of the smaller flue, if similarly 
proportioned to the larger one, would be 6^ in., instead 
of 9 in. ; and, by assuming this dimension, we should 
have the same proportion of sectional area per square 
foot of heating surface in both boilers. The length of 
flue in the 2-horse boiler is 19'5 ft., and in the 12-horee 
boiler 39 ft., so that the length and height of the flue 
are increased iu the same proportion. 

93. Q. — Will you extend your illustrations to the 
case of a marine boiler? 

A. — The Nile steamer, with engines of 110-liorse 
power, by Boulton and Watt, is supplied with steam 
by two boilers, which are, therefore, of 55-horse power 
eaeh. The height of the flue winding within the boiler 
is 60 in., and its mean width 16^ in., making a sectional 
area or calorimeter of 990 square inches, or 18 square 
inches per horse power of the boiler. The length of 
the flue is 39 ft., making the vent 25, which is the 
vent proper for large boilers. In the Dee and Solway 
steamers, by Scott and Sinclair, the calorimeter is only 
9'72 square inches per horse power ; in the Eagle, by 
Caird, 11'9; in the Thames and Medway, by Maudslay, 
1134, and in a great number of other oases it docs not 
rise above twelve square inches per horse power; but 
the engines of most of these vessels are intended to ope- 
rate to a certEun extent expansively, and the boilers are 
less powerful in evaporating efficacy on that account. 

94. Q. — Then the chief diSerence in the proportions 
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t by BoulUiii and Watt, and those followed 
by the other manufacturers you have mentioned is, 
that Boulton and Watt set a more powerful boiler to 
do the same work ? 

A. — That is the main difference. The proportion 
which one part of the boiler bears to another part is 
very similar in the cases cited, but the proportion o) 
boiler relatively to the size of the engine varies very 
materially. Thus the calorimeter of each healer of the 
Dee and Solway is 1,296 square inches ; of the Eagle, 
1,548 square inches ; and of the Thames and Medway, 
I 114 squaie mches and the length of flup is 57 60 
and 52 ft m the boilers lespectively which makes the 
respective vent*. 22-J- 2o and 21 in Tdking then the 
boder of the E^le foi compari'^on with the hoilei of 
thL Nile as it has the same \ent it will he seen that 
the proport ons of the two are almost ident cal lor 990 
IS to 1 548 as 39 is to 60 neail} hut Messis Boulton 
and Wdtt would not ha^e set a boilei likt, thit of the 
Eagle tt do so mui^h woik 

95 Q — Then the evapoiating power of the boiler 
vints as the sectional area of the flue ' 

A — The CT^porating power vanes as the si^uire 
root of the area of the flue if the Itngth ot the flue 
remain the same but it varies as the area simplj if 
the Lngth oi the flue be increased ii the sime pio 
p rtion as its other dimensions The evaporating 
poner of a boiler is referable to the amount of ita 
heating suifaee and the amount of heating surface m 
an} flue or tube is piopoitional 1o the product of the 
ieigth ot the tube *md the squoie root if its sectional 
area multiplied by a ce tain quantity that is constant 



:b, Google 



A. — \ es ; and if the same form ot flue is to be re- 
tained it should be of twice the diameter and twice the 
length ; or twice the height and width if rectangular, 
laid twice the length. As then the diameter or square 
root of the area increases in the same ratio as the 
length, the square root of the area divided by the 
length ought to be a constant quantity in each type 
of boiler, in order that the same proportions of flae 
tany be ret^ned ; and in wagon boilers without an 
internal flue, the height in inches of the flue encircling 
the boiler divided by the length of the flue in feet will 
be 1 very nearly. Instead of the square root of the 
area, the effective perimeter, or outline of that part of 
the cross section of the flue which is eflective in gen- 
erating steam, may be taken ; and the effective peri- 
meter divided by the length ouglit to be a constant 
quantity in similar forms of flue, and with the same 
velocity of draft, wliatever the size of the flue may be. 
It is clear, that with any given area of flue. 
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the perimeter by adopting a different shape, is to di- 
minish the length of the flue ; and, if tl:e extent of 
the perimeter be diminished, the length of the flue 
must at the same time be inereased, else it will he 
impossible to obtain the nece^ary amount of heatinjj 
surface. In Boulton and Watt's wagon boilers the 
sectional area of the flue in square inches per square 
foot of heating surface, is 5"4 in the two-horse boiler 
in the three-horse it is 4-74 ; in the four-horse, 4-35 
six-horse, 3'75 ; eight-horse, 4'33 ; ten-horse, 396 
twelve-horse, 3-63 ; eighteen horse, 8-l7 ; thirty-horse, 
2'62, and in the forty-five horse boiier, 2-05 square 
inches. Taking the amount of heating surface in the 
forty-five horse boiler at 9 square feet per horse pow- 
er, we obtain 18 square inches of sectional area of flue 
per horee power, which is also Boulton and Watt's pro- 
portion of sectional area for marine boilers with inter- 
nal flues 

97, Q~l{ to ncrea e the per ter f a fl e s 
virtually to d m &h the len^jth then i t b la boiler 
where the pe meter s u eftect greatly eite ded ouf,ht 
to have but a sho t length of tube ' 

.d.— The flue of tl e N le, f red ced to the cjlm 
drjcal form, would be 3S^ in. in diameter to have the 
same area ; but it would then require to be made 
47f ft. long, to have the same amount of heating sur- 
face. Supposing that with these proportions the heat 
is sufficiently extracted from the smoke, then every 
tube of a tubular boiler in which the same draft ex- 
isted ought to have very nearly the same proportions, 
so that a tube 3 in. in diameter ought to be about 4 ft. 
long, supposing the conducting power of the metallic 
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surface through which the heat is transmitted, to he 
in each case identicah But the metal of small tubes 
being thinner than that of flues must conduct better, 
and a tube 3 in. in diameter should therefore be less 
than 4 ft, long, provided tlie draft remains such as is 
due to an area of 1 8 square inches per horse power. 
If the thinness of the metal attiunable by the tubular 
form be supposed to increase the efQcacy of the heat- 
ing surface in the same proportion as the increase 
of surface due to the rectangular form, the length of 
a tube 3 in. diameter ought to be 3 ft. 3 in., and it 
would be of no service to extend its length beyond 
this point, supposing the flue boiler to be properly 
proportioned, as by the time the hot air had traversed 
a length of 3 ft. 3 in. of tube, the heat of the air 
would have been as thoroughly extracted as in oi-di- 
nary boilers appeai-s to be beneficial. Tlie tubes of 
tubular boilei-s, however, are usually about 6 ft. f> in. 
long ; but to make this excess of length influential in 
generating steam, the draft has to be made nearly 
twice greater than in flue boilers having a sectional 
area of 18 square inches per horse power ; or, in other 
words, the sectional area of tubular boilers must not 
much exceed 9 square inches per horse power when. 
■ the tubes are of the length stated. The smaller the 
tubes are, the shorter they should be made, or the less 
the sectional area ought to be ; and with a sectional 
area of 10 square inches per horse power there will 
be no advantage in making the length of the tube 
more than from 26 to 33 times its diameter, which will 
make the tube from 6 ft. 6 in. to 8 ft. long when the 
diamcl«r is three inches, and give from l-i to 8 square 
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feet of lioating surf f t b p h p If 

the sectional area pi p b nc d 11 

length of tube should b d 1 d tl p 

portion ; for the ve! ty f tl draft w h tl 

sectional area of tub p h rs p w d tl 

locity of draft the le g 1 t th t b 1 1 1 dp ! 

In locomotive boilers h th 1 tj f d ft 
very great, long tub mpl j d but t p f 

able to have the tub f m d -ate I n th d d ft 
of a moderate inten ty as n m ntam n at draft 
by any process, the is a d bl p d f 

power. If, howeve w th tl w f m k g tl 

draft very slow, apprt f tl p 

preaching that of tl b 1 rs b p 1 d th It 

will not be satisfact y tl m k w II 1! p ss 
through a few of th b 1 g th t p 
tive ; though this defect may be in a great measure 
corrected by partially closing up the ends of the tubes, 
or even by partially closing the damper. The length 
of tube multiplied by the diameter, and divided by 
the area, is a constant quantity both in flue and tubular 
boilers, or at least nearly so ; and when any of the 
elements are given the rest can easily be computed by 
the md of this proportion, the precaution being of 
course taken to keep within the limits which have ap- 
proved themselves most eligible in practice. 

98. Q. — You stated that the capacity of the feed 
pump was a 240th of the capacity of tlse cylinder in 
the case of condensing engines — the engine being 
double acting and the pump single acting-— and that 
in high pressure endues the capacity of the pump 
should be greater in proportion to the pressure of the 
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steam. Can you give any rule that will express tlie 
proper capacity for the feed pump at all pressures ? 

A. — That will not be difficult. In low pressure en- 
gines the pressure in the boiler may be taken ill 5 lbs, 
above the atmospheric pressing, or 20 lbs. altogether ; 
and as high pressure steam is merely low pressure steam, 
compressed into a smaller compass, the aiae of the feed 
pump in relation to the siae of the cylinder must ob- 
viously vary in the direct proportion of the pressure ; 
and if it be a 240th of the capacity of the cylinder when 
the total pressure of the steam is 20 lbs., it must be a 
120th of the capacity of the cylinder when the pressure 
is 40 lbs. per square inch, or 25 lbs. per square inch 
above the atmospheric pressure. This law of variation 
is expressed by the following rule : — multiply the capa- 
city of the cylinder in cubic inches by the total pi-es- 
sure of the steam in lbs. per square inch, or the pressure 
per square inch on the safety valve plus 15, and divide 
the product by 4800 ; the quotient is the capacity of 
the feed pump in cubic inches, when the feed pump is 
single acting and the engine double acting. If the 
feed pump be double acting, or the engine single act- 
ing, the capacity of the pump must just be one-half of 
what is given by this rule. 

99. Q. — How do you ascertain the power of higii 
pressure engines? 

^.— The actual power is readily ascertained by the 
indicator, by the same process by which the actual 
power of low pressure engines is ascertained. The 
friction of a locomotive engine when unloaded is found 
by experiment to be about 1 lb. per square inch on tlfe 
surface of the pistons, and the additional friction caused 
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by any additional resistance is estimated at aliout 14 
of that resistance ; but it will be a sufficiently near ap- 
proximation to the power consumed by friction in high 
pressure engines, if we make a deduction of a pound 
and a half from the prcssui-e on that account, as in the 
case of low pi-essure engines. High pressure engines, 
it is true, have no air pump to work ; but the deduction 
of a pound and a half of pressure is relatively a much 
smaller one where the pressure is high than where it 
does not much exceed the pressure of the atmosphere. 
The rule, therefore, for the actual horse power of a high 
pressure engine will stand thus ; — square the diameter 
of the cylinder in inches, multiply by the pressure of 
the steam in the cylinder per square inch less 1 J lbs., 
and by the speed of the piston in feet per minute, and 
divide by 42,017; the quotient is the actual horse 
power. 

100. Q. — But how do you ascertain the nominal 
horse power? 

A. — The nominal horse power of a high pressure 
engine has never been detinad ; but it should obviously 
hold the same relation to the actual power as that 
which obtains in the case of condensing engines, so 
that an engine of a given nominal power may be capa- 
ble of performing the same work, whether high pres- 
sure or condensing. This relation is mainti-uncd in the 
following rule, which expresses the nominal horse power 
of high pressure engines : — multiply the square of the 
diameter of the cylinder in inches by the pressure on 
the piston in pounds per square inch, and by the speed 
of the piston in feet per minute, and divide the product 
by 120,000 ; the quotient is the power of the engine 
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in nominal liorses power. If the pressure upon the 
piston be 80 lbs. per square inch, the operation may be 
abbreviated by multiplying the square of the diameter 
of the cylinder by the speed of the piston, and dividing 
by 1500, which will give the same result. 

101. Q. — This rule for nominal horse power, how- 
ever, is not representative of the dimensions of the cyl- 
inifer. Cannot you ^ve a rule for the nominal power 
of high pressui-e engines which shall discard altogeiher 
the element of velocity, and, as in the rule you have 
already given for the nominal power of low pressure 
engines, express merely the dimensions of the engine ? 

A. — Nothing is easier, if you maintain an unvary- 
ing pressure of steam ; but as different pressures are 
used in different engines, the pressure must become an 
element in the computation. The rale for the nominal 
power will tjierefore stand thus : — multiply the square 
of the diameter of the cylinder in inches by the pres- 
sure on the piston in pounds per square inch, and by 
the cube root of the stroke in feet, and divide the pro- 
duct by 940 ; the quotient is the power of the engine 
in nominal horses power, the enj^ne working at the or- 
dinary speed of 128 times the cube root of the stroke. 

102. §. — Is 128 tdmes the cube root of the stroke 
in feet per minute the ordinary speed of all engines ? 

A. — Locomotive engines travel at a quicker speed, 
— an innovation brought about, not by any process of 
scientific deduction, but by the accidents and exigencies 
of railway transit. All other engines, however, travel 
at about the speed of 128 times the cube root of the 
stroke in feet ; and condensing engines, as at present 
constructed, cannot travel much quicker, as the valves 



:b, Google 



of the air pump slrilie very bard and wear themselves 
quickly out if the engine is driven at a great velocity. 
To mitigate the shock in cases in which a bigher speed 
has been desirable, as in the case of marine engines 
employed d h rew propeller without inter- 

mediate g ca as u pump valves, resting on a 

perforated m 1 pi htve sometimes been adopted 
— the ph f a b ng either stuck together with 
India rubht d ith copper rivets, and being 

multiplied so n k the valve half an inch in 

thickness } 1 f this kind, though they di- 

minish th n nd mor, wear rapidly away, and 

require to b d y often. It is very desirable, 

however, h his mp d ment should be completely 
surmount d n n ly as a means of meeting the 
new exige d b the application of the screw 

propeller earn e^sel but because all engines will 
then he p hi f king at a greatly increased 
speed, and 1 p p rtionate increase of power. 
The most f bl i\ j f enabling condensing engines 
to work a 1 1 j d ppears to lie in the applica- 
tion of a 1 d al he air pump, instead of valves 
actuated by the pressure within the pump, and by per- 
forming the condensation In the air pump, inste-xd of 
in the condenser, whereby the air pump valves viiV 
operate with as little noise at any speed as the cylinder 
valves, and the condensei- may be dispensed with alto- 
gether. Engines constructed upon this plan may ^t 
driven at four times the speed of com -i on enginer, 
whereby an engine of large power may be purchased 
for a very moderate price, and be capable of being 
put into a very small compass ; while the mottoui 
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from being more equable, will l>e better adapted for 
most purposes for which a rotary motion is required. 
Even for pumping mines and blowing iron furnaces, 
engines of this kind appear likely to come into use ; for 
they are more suitable than other engines for driving 
the centrifugal pump, which in many cases appeara 
likely to supersede other kinds of pumps for lifting 
water; and they are also conveniently applicable to 
the driving of fans, which, when so arranged that the 
air condensed by one fan is employed to feed another, 
and so on through a series of 4 or 5. have succeeded 
in forcing air into a furnace with a pressure of 2^ lbs. 
on the square inch, and with a far steadier flow than 
can be ohtiuned by a blast engine ivith any conceivable 
kind of corapensating apparatus. 

103. Q. — Then, if by this modification of the air 
pump you enable an engine to work at four tiuies the 
speed, you also enable it to exert four times the power ? 

A. — Yes ; always supposing it to be fully supplied 
with steam. The nominal power of this new species 
of engine, if condensing and if working at four t'mes 
the ordinary speed, may be ascertained by the follow- 
ing rule ; — multiply the square of the diameter of the 
cylinder in inches by the cube root of the stroke in 
feet, and divide the product by 12 ; the quotient is the 
power of the high speed condensing engine in nominal 
horses power. To ascertain the nominal power of a 
high pressure high speed engine, multiply the square 
of the diameter of the cylinder by the pressure on the 
piston per square inch less a pound and a half, and by 
the cube root of the stroke in feet, and divide the pro- 
duct by 235 ; the quotient is the power of the high 
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presBui e high speed eng oe in nominal lores power 

104 Q —Ihe h gh tpced engine doPs not lequire 
so he \y i flj wheel as common eng les 

4 — No the fly wheel will he ligbte both fey 
of a g eitcr ^elocitY of rotation and because 
pul tf i, mmimieated by the piston a leas in 
amount and mere frequentlj repexted so as to ap 
pionch more nearly to the condition f a unifoim pres 
sure lo hnd the proper quantity of cast iron for the 
nm of a fly wheel — multiply the mean diameter of 
the nm hy the number of it^ revjlutions per n in ite 
and oquaro (he pr3du(.t foi a dnisor divide the n im 
>pr of nommal h Ys,es power of the engine by the 
numbei if strokes the piston makes pei minute mwl 
tiply the quotient by the constant number 5 000 000 
and divide the pioduct b^ the divisor found as above 
the quotient is the requiiite quantitj of cast iron in 
cubic feet to form the fly wheel nm 

lOo Q — Wbit IS the ma\imum speed with wh ch 
a i,ast iron fly wheel miy be driven without be ng buist 
asunder by its centrifugal force ? 

A. — The velocity of the rim should not exceed 60 
feet per second, and at that speed the bursting force 
will amount to 1,100 lbs. on the square inch of section, 
setting aside the support derived from the arms. In 
engines for roiling iron, the fly wheel is driven usually 
at a very gi-eat speed, and it requires to be put toge- 
ther very firmly to resist the bursting force. The best 
practice in such cases is to east the rim in a single 
piece, and to introduce malleable iron arms. 

106. §.— The steam is admitted to and fjom the 
cylinder by means of a slide or sluice valve ? 
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A — Yes ; and of tlie slide valve there are many 
vaiietu-s. but the kinds most in use are the D v;il>e, 
so c ail d flora Its resemMiinee to ft liolf cylinder o-: D 
111 lit. ciosa section, and tlm three ported valve, nliii;'i 
I OHM t-. ot A britss box set over the two porta or np-.-.- 
wgsi.ito thecjluder anj ii ULiitml poit which comlii,, :, 
awfty the steam to the atmosphere or condenser; bni 
the length of the box la so adjusted, that it can only 
cover one of the cylinder ports and the central or 
eduction port, at the same time. The effect, therefore, 
of moving the valve up and doivn, n,s is done by the 
ecoentiio, is to establish a connection alternately be- 
tween each cjlmder port and the passage whereby the 
steam escapes , and while the steam is escaping fi-om 
beneath the piston, the position of the valve is such, 
that a free communication exists between the space 
above the piston and the steam in the boiler. The 
piston IS thus urged alternately up and down, the valve 
so changing its position before the piston arrives at 
the end of the stroke, that the pressure is by that time 
thrown on the reverse side of the piston, .so as to urge 
it into motion in the opposite direction. The valve 
does not move down when the piston moves down, nor 
does it move down when the piston moves up ; but it 
moves from its mid position to the extremity of its 
throw, and hack again to its mid position, while the 
piston makes an upward or downward movement, so 
that the motion is as it were at right angles to the 
motion of the piston ; or it is the same motion that the 
piston of another engine, the crank of which is set at 
right angles with that of the first engine, would acquire. 

107. Q.— What is meant by the lead of the valve? 



:b, Google 



72 A CATIXillSJi Ol- 

A,- — The amount of opening the valve presents for 
the admission of the steam, when the piston ia just 
beginning its stroke. It is found expedient that tho 
valve should have opened a little to admit steam on 
the reverse side of the piston before the stroke termi- 
nates ; and the amount of this opening, which is given 
by turning the eccentric more or less round iipon the 
abaft, is what is termed the lead. 

108. Q. — And what is meant by the lap of the 

A. — It is an elongation of the valve face to a certain 
extent ever the port ov towards the port, whereby the 
port is dosed sooner than would otherwise he the case. 
This extension is cbiefly effected at that part of the 
valve where the steam is admitted, or upon the steam 
side of the valve, as the technical phrase ia ; and the 
intent of the extension fa to close the steam passage 
before the end of the stroke, whereby the engine is 
made to opei-ate to a certain extent expansively. In 
some cases, however, there is also a certain amount of 
lap given to .the eduction side, to prevent the eduction 
from being performed too soon when the lead is great ; 
but in ill cases there is far less hp on thp edu ton 
thin on the steam sde ^cry often there la none ind 
Bomttimes Ic^a than none so that the labe is jncft 
pable of covering both the porta at once The com 
mon stroke of the \ahe m rotative engines is twice 
the hieidth of the poit and the length of the \abe 
f u,e will then be just the breadth of the po t wl en 
there is Up on neither the steim nor eduction «ide 
Whatevei lap is therefore given makes the \tlvc face 
just «o much longer In some t-ngines howevoi the 
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stroke of the vaive is a good deal more than twice the 
breadth ol' the port ; and it is by the stroke of the 
valve that the amount of lap ia properly measurable. 

109. Q. — Can you tell what amount of lap will ac- 
complisli any given amount of expansion? 

A. — Yes, when the stroke of the valve is known. 
From the length of the stroke of the piston, subtract 
that part of the stroke which is intended to he accom- 
plished before the steam is cut off; divide the re- 
mainder by the length of the stroke of the piston, and 
extract the square root of the quotient, which multiply 
by half the stroke of the valve, and from the product 
take half the lead ; the remainder will be the lap I'e- 
quired. To find how much before the end of the 
stroke the eduction passage wil! be closed : — to the 
lap on the steam side add the lead, and divide the 
sum by half the stroke of the valve ; find the arc whose 
sine is equal to the quotient, and add 00° to it ; divide 
the lap on the eduction side by half the stroke of the 
valve, and find the arc whose cosine is equal to the 
quotient ; subtract this arc from the one last obtained, 
and find the cosine of the remainder ; subtract this co- 
sine from two, and multiply the remainder by half the 
stroke of the piston ; the product is the distitnce of the 
piston from the end of the stroke when the eduction 
passage is closed. To find how far the piston ia from 
the end of its stroke when the steam that is propelling 
it by expansion ia allowed to escape to the atmosphere 
or condenser : — to the lap on tbe steam side add the 
lead, divide the sum by half the stroke of the valve, 
and find the arc whose ^ne is equal to the quotient ; 
find the arc whose cosine ia equal to the lap on the eduo- 
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tioQ side divide:^ by half the strolie of the valve ; add 
these two arcs t^^iither and subtract 90° ; find tlie ctisine 
of the residue, subtract it from one, and multiply the 
remainder by half the stroke of the piston ; the product 
is the distance of the piston from tlie end of its stroke 
when the steam that is propelling it is allowed to es- 
cape into the atmosphere or condenser. In using these 
rules all the dimensions are to be taken in inches and 






g m pas h h p 

h dmd hpd p 

IS accelerated, as it is about the middle ot the st oke 
Thus, for example, if the vaJve be so made s to 1 ut 
off the steam by tlie time two-thiivls of the st ke h e 
been performed, and the steam be at the same time 
throttled in the steam pipe, the full pressure of the 
steam within the cylinder cannot be maintained except 
near the beginning of the stroke where the piston tiavela 
slowly ; for, as the speed of the piston increases, the 
pressure necessarily subsides, untjl the piston ap- 
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liardly necessary in ordinary engines. In the Cornish 
engines, where the steam is cut off in some cases at 
one-twelfth of the stroke, a separate valve for the ad- 
mission of steara, other than that which permits its 
escape, is of course indispensable ; but in common ro- 
tative engines, which may realize expansive efficacy by 
throttling, a separate expansive valve does not appear 
to be required. 

111. Q. — What size of orifice is allowed for the es- 
cape of the steam through the safety valve 1 

A — About 8 of a circular inch per horse power 
m condensing engines, or a circulai lach per Ij horse 
power The following rule, however, will giie the 
dimensions suitable for all kinds of engines, whether 
high or low piessure — multiply the square of the 
diameter of the cyhnder in inches by the speed of the 
piston in feet per minute, and divide the produut by 
375 times the piessure on the boiler per squaie inch ; 
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the quotient is tlie proper aiea of the safety valve in 
Square inches This lule of course supposes that the 
p -f h b p operly proportioned to 

tl p 

11 § — Wll tat th proper dimensions of 

Ik p [ d d d of the steam passages ? 

A — M W tt m d th pump of his engine half 

th d t t tl yl d d half the stroke, or one- 

gh h f th p } d tl condenser was usually 
m d b t th tl air pump ; but as the 

p ur f th te has h ncreased in all modern. 

gi t h tt t m k th air pump a little larger 
th fhi p p -t 6 f tl e diameter of the cyl- 

d d h If th t k wers very well, and the 

d J b mad as 1 g as it can be got with 

th gh tl sam ze as the air pump will 

fh Th m iz f tl e cylinder passages is 

one- twenty-fifth of the area of the cylinder, or one-fifth 
of the diameter of the cylinder, which is the same thing. 
This proportion corresponds veiy nearly with one 
square inch per horse power when the length of the 
cylinder is ahout equal to its diameter ; and one square 
inch of area per horse power for the cylinder ports 
and eduction passages answers very well in the case of 
engines working at the oidinary speed of 220 feet per 
minute. The area of the steam pipe is usually made 
less than the area of the eduction pipe e'pecully when 
the engine is worked expansively and with a con- 
siderable pressure of steam In the case of ordinary 
condensing engines, howeicr "florkmg mth the uaual 
pressure of from 4 to 8 lb*! aboye the Umf sphere the 
area of the steam pipe is not le=s than a circular inch 
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per liorse power ; in such engines the diameter of the 
steim p pp maj be found by the following rule : — divide 
the number of nf niinal horse power by 0-8, and extract 
the squire root of the quotient, ■which will be the 
internal dianiPtcr of the steam pipe. The area of the 
injection onfice should be about one-fifteenth of a 
square inch per nominal horse power ; but the area of 
the injection p p h d b f 

ft cireulat inhph pw w <J y 

t'-t diimete h ppmyb dby 

dividing the h p b d 

ing the squa h q w b 

diameter in f a h and 

discharge v mdqtonuh 

of the area h ppadhd h 

waste wate pp md h hdnte 

of the cylindei which gives an area soioewhat leas than 
that ol the f >ot and d scharge lalve passages 

113 Q — Will you explain by what process ol com 
putation thtse proport ons are arrned at ' 

A — The size of the •steam pipe is so reg ilated that 
Iheie wiU be no material dispantv of piessuie betweeu 
the cylinder and boiler and in fixing the s ze of the 
eduction passage the same object is kept in view 
When the diameter of the cylinder and the voloc ty 
with wh ch the piston travels are known it is easy to 
ttil what the lelocity of the steara in the steam p pe 
will be for f the a ei of the cylindei be ''5 times 
g Liter thin tliat of the steam pipe tjie stetra in the 
st im pipe must t -a^el 25 times taater thin the pi ton 
nnJ the difft-renLe cf pressure requis te to pr duct tl is 
velocity of the steam can eisly be asceitained by 
7* 
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finding what height a column of steam must be to ^ve 
that velocity and what the weight or pressure is of 
such a column The piopei ^lea of the mjection 
oiifici, per horse power cda easdv be told when the 
quanuty of watet requis^ite to condense the steim is 
known ind the prea&uie --pecihed under which ihe 
wiiter enters the condensei The vacuum in the ton 
denser may be taken at 26 in of mercuiy which is 
equivalent to a column ol witei £9 4 ft hig^h and the 
equate lootof 29 4 multiplied by 8 021 is 43 15 which 
IS the leJocity in feet per second thit a heavy body 
would acquire in falling 29 4 ft or with which the 
water would enter the condenser Now if a cubic foot 
of water evaporated per hour he equivalent to an actual 
horse power, and 28*9 cubic inches of water be requisite 
for the condensation of a cubic inch of water in the 
form of steam, 28'9 cubic feet of condensing water per 
actual horse power per hour for the engine, or 13-905 
cubic inches per second will be necessary, and the size 
M the injection orifice must be such that this quantity 
of water flowing with the velocity of 43-15 ft. per 
second, or 517-8 inches per second, will gain admission 
to the condenser Dividing, therefore, 13005, the 
number of cubic inches to he injected, by 517 8, Ihe 
velocity of influx in inches per second, we get 02685 
fo- the area of the orifice m squaie inches , but inas- 
mucb as it has been found by experiment that the 
actual discharge of water through a liole in a tJim 
plate IS ouly aui-tpnths of the theoietical diaeharge on 
account of the contrat.ted \ein, the aiea of the oiifice 
must be increased m the pjoportion oi such diminution 
of effect, or be made 0-04475, or j^d of a square inch 
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per horse power. This, it will be remarked, is the 
area required per actual horse power ; in raosfc of the 
modem engines there is more than a cubic foot of 
water evaporated per hour per nominal horse power, 
and it is therefore found expedient to make the area 
of the injection orifice a third larger than the area due 
to the actmd power, or ^th of a square inch per 
nominal horse power, as already prescribed, 

114. Q. — If the relation you have mentioned subsist 
between the area of the steam passages and the ve- 
locity of the piston, then the passages must be larger 
when the piston travels very rapidly ? 

A. — And they are so made. The area of the ports 
of locomotive engines is usually so proportioned as to 
be from -^th to -J-th the area of the cylinder — in some 
cases even as much as ^th ; and in all high speed 
engines the ports should be very large, and the valve 
should have a good deal of travel. The area of port 
which it appears advisable to give to modern engines 
of every description, is expressed by the following 
rule: — multiply the area of the cylinder in sqimie 
inches by the speed of the piston in feet per minute, 
and divide the product by 4,000 ; the quotient is the 
area of each cylinder port in square inches. This rule 
gives rathei' more than a square inch of port per nom- 
inal horse power to condensing en^nes working at 
the oi-dinary speed ; but the excess is but small, and is 
upon the right side. In locomolive engines the eduo- 
tjon pipe passes into the chimney, and the force of the 
issmng steam has the effect of maintaining a rapid 
draught through the furnace. The orifice of the waste 
Bteam pipe, or the blast pipe as it b termed, is much 
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contraeted in some engines with a view of producing 
a fiercer draught ; but an area of -^d of the ai-ea of the 
cylinder is a coramon proportion. 

115. Q. — If the area of the blast pipe be much di- 
minished, the escaping steam must so far resist the mo- 
tion of the piston as to diminish considerably the power 
of the engine ? 

A. — At a speed of 10 miles an hour the rnsistanco 
to the piston occasioned by the blast pipe may be taken 
on the average at about 2 lbs, per square inch, and the 
resistance increases directly as the speed of the engine. 
In some eases, however, the blast pipe is so much con- 
tracted, that as much as half the power of the engine 
is spent in forcing the steam through it. The object 
of this undue contraction is to increase the intensity 
of the draught in the furnace, and as a consequence 
to increase the production of steam ; but engines in 
which such a waste of power exists from this single 
cause, are altogether unsuitable for the work they have 
to do, in consequence of their insufficient evaporating 
power. The question of draught is only a question of 
area of fire grate, and it is much preferable to enlarge 
the fire grate than to increase the intensity of the 
draught. The area of the chimney in locomotives is 
usually made y'ljtli of the area of the fire grate, and its 
height must not exceed 14 ft. above the level of the 
rails, else it will come in contact with the bridges 
which cross the line. A given area of heating surface 
in locomotive boilers is more effective than the same 
area of heating surface in other boilers, on account tii 
the greater heat to which it is subjected. If, at a 
speed of 20 miles an hour, a locomotive boils off a 
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cabii, foot of water in the hour for every six square 
feet of he itiiij; surface as appears to be an average 
perfoi m mce then 1 squ%rp foot of heating surface must 
boil o2 10 4 lbs of water per hour, at a speed of 20 
miles in houi, and the rate of evaporation #ill vary 
nearly as the fourth root ot the speed. 

IIQ Q — What IS the amount of tractive force requi- 
site to draw carriages on railways ? 

A. — Upon well formed railways, with carriages of 
good construction, the average tractive force required 
for low speeds is about 7^ lbs. per ton, or s^o'^ '^^ ^^^ 
load ; though in some experimental cases, where par- 
ticular care was taken to ohtain a favorable result, the 
tractive force has heen reduced as low as jg^th of the 
load. At low speeds the whole of the tractive force is 
expended in overcoming the friction, which is made 
up partly of the friction of attrition in the axles, and 
partly of the rolling friction, or the obstruction to the 
rolling of the wheels upon the rail. The rolling fric- 
tion is very small when the surfaces are smooth, and 
in the case of railway carriages does not exceed j^^jgth 
of the load ; whereas the draught on common roads of 
good construction, which is chiefly made up of the 
rolling friction, is as much as ^th of the load. 

117. Q. — In reference to friction you have already 
stated, in your answer fo Question S3, that the friction 
of iron sliding upon brass, which has been oiled and 
then wiped dry, so that no film of oil is interposed, is 
about yjth of the pressm-e, but tliat in machines in ac- 
tual operation, where there is a film of oil between the 
ruhhing surfaces, the friction is only about one-third 
of this amount, or j^ of the weight. How then can 
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of the load, then the fnction of attrition must be ^jg-th 
of the load ; and if the diameter of the wbeels be 36 in., 
and the diameter of the axles be 3 in., i^hich are com- 
mon proportions, the friction of attrition must be in- 
creased in the proportion of 36 to 3, or 12 times, to 
represent the friction of the rubbing surface when 
moving with the velocity of the carriage. ■j'^V'hs are 
about a'jth of the load, which does not differ much 
from the proportion of g'jd, as previously determined. 
While this, however, is the average result, the friction 
is a good deal less in some cases. Mr. Southern, in 
some experiments upon the friction of the axle of a 
grindstone — an account of which may be found in the 
65th vol'irae of the "Philosophical Transactions" — 
found the friction to amount to less than ^-^th of the 
weight ; and Mr. Wood, in some experiments upon the 
friction of locomotive axles, found that by ample lubri- 
cation the friction might be made as little as ^^th of 
the weight, and the traction, with the ordinary size of 
wheels, would, in such a case, be about j j^th of the 
weight. The function of lubricating substances is to 
prevent the rubbing surfaces from coming into contact. 
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whereby abi-asion would be produced, and unguents 
are effectual in this respect in the proportion of their 
viscidity ; but if the \TScidity of the unguent be 
greater than what suffices to keep the surfaces asunder, 
an additional resistance will be occasioned; and the 
nature of the unguent selected should always have ref- 
erence, therefore, to the size of the rubbing surfaces, 
or to the pressure per square inch upon them. With 
oil the friction appears to be a minimum when the 
pressure on the surface of a bearing is about 90 lbs. 
per square inch : the friction from too small a surface 
increases twice as rapidly as the friction from too large 
a surface, ad^ed to which, the bearing, when the sur- 
face is too small, wears rapidly away. 

118. Q. — What is the amount of adhesion of the 
wheels upon the rails 1 

A. — The adhesion of the wheels upon the rails is 
about ^th of tJie weight when the rails are clean, or 
either perfectly wet or perfectly dry ; but when the 
rails are half wet or greasy, the adhesion is not more 
than j^ or ^th of the weight or pressure upon the 
wheels. The weight of a locomotive of modem con- 
struction caries from 20 to 25 tons. 

119. Q. — And what is its cost and average perform- 

A. — The cost of a common narrow gauge locomotive 
at the present time varies from 1900^. to 2200/.; it 
will run on an average 130 miles per day, at a cost for 
repairs of 2id. per mile ; and the cost of locomotive 
power, including repairs, wages, oil, and coke, does not 
much exceed 6d. per mile run, on economically managed 
railways. This does not include a sinking fund for the 
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renewal of the en^es when worn out, which may he 
taken as equivaleat to 10 per cent, on their original 
cost. 

120. Q. — Does the expense of traction increase much 
with an increased speed ? 

A. — Yes ; it increases very rapidly, partly from the 
undulation of the earth when a heavy train passes over 
it at a high velocity, but chiefly from the resistance of 
the atmosphere, which constitutes the greatest of the 
impediments to motion at high speeds. At a speed of 
30 miles an hour, the atmospheric resistance amounts 
to about 12 lbs. a ton, and in side winds the resistance 
even exceeds this amount, partly in cons^uence of the 
additional friction caused from the flanges of the wheels 
being forced against the rails, and partly because the 
wind catches to a certain extent the fiont of every 
carriage, whereby the frontage exposed to the wind h 
virtually increased. At a speed of 80 miles an hour, 
an engine evaporating 200 cubic feet of water in the 
hour, and therefore exerting about 200 horses power, 
will draw a load of 110 tons. Taking the friction of 
the train at 7^ lbs. per ton, or 825 lbs. operating at the 
circumference of the driving wheel, — which, with 5 ft. 
6 in. wheels and IS in, stroke, is equivalent to 4757 lbs. 
upon the piston, — and taking the resistance of the blast 
pipe at 8 lbs, per square inch of the pistons, and the 
fn t f th I d d t I lb. per square inch, 

wh 1 thpt 1 dmtr, amount together 

t 1582 lb d k tl creased friction of 

tl d t th 1 d t t! of the load, as in 

E m t 1 b f d p rimentally to be, 

though a m h 1 p p t th this would proba- 
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biy be a nearer average, we have ^018-4 lbs. for the 
total load upon the pistons. At 30 miles an hour the 
speed of the pistons will be at 45';'8 feet per minute, 
and 70184 lbs. multiplied by 457-8 ft. per minute, are 
equal to 3213023-5 lbs. raised 1 foot high in the min- 
ute, which, divided by 33,000, gives 97-3 horses pow- 
er as the power which would draw 110 tons upon a 
railway at a speed of 30 miles an hour, if there were 
no atmospheiic resistance. The atmospheric resistance, 
with a load of 1 10 tons, is at the rate of 12 !bs. a ton, 
equal to 1320 !bs., moving at a speed of 30 miles 
an hour, which, when reduced, becomes 105'8 horses 
power, and this, added to 97'3, makes 203*1, instead of 
200 horses powei-, as ascertained by a reference to the 
evaporative power of the boiler, which small excess of 
efficiency is probably produced by a cei-tdn amount of 
expansive action in the engine. The atmospheric resist- 
ance is found to increase as the square of the velocity, 
wliile the other resistances do not increase with the 
velocity at all per unit of space passed over, but in- 
crease as the velocity per unit of time during which 
they act. It is not difficult, therefore, to approximate 
to the power requisite for the propulsion of a train at 
any rate of speed, when the distribution of power at 
any one speed has been ascertmned. At a speed of 
60 miles an hour, foi example, the power required to 
overcome the friction of a train weighing 110 tons, 
will be 97-3 X 2 = 194-6 horses power; while tho 
power requisite to overcome the atmospheric resistance 
will be I05'8 x 4 = 423-2 horses power, if the same 
distance be passed over at the speed of 30 miles an 
hour; but as twice the distance will be passed over in 
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the hour whea the speed is twice as great, the power 
requisite to overcome the atmospheric resistance will 
be twice this amount, or 846"4 horses power, making 
together a power of 1041 horses to draw a train weigh- 
ing 110 tons, at a speed of 60 miles an hour. A loco- 
motive, to perform this duty, should have 6246 squa.o 
feet of heating surface in the boiler, and the cyUnders 
should be sufficii-ntly capacious to permit 3''0 S^S cubic 
feet of steam, to pass thr gh th m th h ui th h 
it will be prefetahle to m k th cap ty d bly 

greater than this, and to k tl t n [ 1> 

121. §.— How come t th t tl f th 

air to the motion of a lo m ts tl qu 

of the velocity, instead of th loc ty mpl} 

A — Because the height necessary to generate the 
^elociti with which the train stiikes the air oi the air 
stnkcs the cannge incieases as the square of th^ ^e 
locity and (he resist<ince or the weight of a ooluran ot 
air 01 of any lihci fluid sanes as the height A iall 
ing body as has been jhesdy expUmed in the answer 
to Que tion 14 to haie acquired twite the ^eloclty 
must have lallun through four times the height the 
velocity geneiated by a column if anj fluid is equal to 
that acquired by a body falling through the height of 
the column ; and it is therefore clear, that the pressure 
due to any given velocity, must be as the squai'e of that 
velocity, the pressure heing in every case dii'ectly as the 
altitude of the column. The work done, however, by 
a stream of air or other fluid in a given time, will 
vary as the cube of the velocity ; for if the velocity of 
a stream of fdr be doubled, there will not only be four 
times the pressure exerted per square foot, but twice 
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the quantity of wr will be employed ; and iu windmills, 
accordingly, it is found, tliat the work done varies 
nearly as the cube of the velocity of the wind. If, how- 
ever, the work done by a given, quaniily of air moving 
at different speeds be considered, it will vary as the 
squares of the speeds. 

123. Q. — But in a locomotive there is no work done 
by the wind, and as the resistance of the air upon the 
ti'ain varies as the square of the speed, should not the 
power requisite to overcome that resistance vary as the 
square of the speed ' 

A — It should if you consder the lesistance oiei a 
given distance and not the lesistance during a ^nen 
time It will take four times the power so far is 
atmospheric lesi-stance is conoemed to iccomplish a 
mile at the rate of 60 miles nn hour that it will tike 
to accomplish a mile at 30 miles an hour but in the 
formei case there will be twice the number of miles 
acvomphihed in the sime time mj that when the ve 
locity of a train is doubled ive requite an enirine that 
la capable of overcoming four times the resistance at 
twice the speed oi in other words that is capable of 
exerting eight times the powei so far as regards the 
element of armosphenr resistance 

121 ^—When a train moves at th? rate of 60 
miles an hour what will be the centnfugal foii,e ot the 
wheels ' 

A — 60 milei an hour is 88 ft per second and if the 
centnfugil forcp of a wheel travelling at this speed be 
computed by the rule given in Answer 24, it will be 
found to amount to 804 times the weight of the wheel, 
71 41245 lbs. per square inch of sectional area of the 
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rim of the wheel, supposing any one point of the rim 
to sustain all the centrifugal force produced by its own 
revolution. About 4000 lbs. per square inch of sectional 
area is the utmost strain to which iron should be ex- 
posed in machinery, and even if we take the oentiifugai 
force as divided between the two sides of the rim, rail- 
way wheels can scarcely be considered safe at a speed 
of 60 miles an hour, unless so constructed that the cen- 
tntugal force of the nm will be counteracted, to a 
material extent by the centripetal action of the iims 
Hooped tt heels are very unsafe uiless the hoops ire 
by some process or othei firmly attached to the aims 
It IS oi no ui,e lo mcieaae the d men-iions of the nm of 
a wheel with a view of gmng increased strength to 
counteract the centntugal force as every inciease m 
the dimensions of the iim will increase the centnfugal 
force in the same proportion 

124 Q — Does the law of resistince fo the motion 
of railway tnina extend to the case of ^es^els moving 

A. — The resistance of vessels moving in water vanes 
as the square of the velocity, and the power required to 
overcome that resistance as the cube of the velocity ; so 
that the resistance to ships moving in water varies in 
the same ratio as the resistance presented by the atmo- 
sphere to the carriages in the case of railway trains. 
To double the velocity of a steamer it is necessar}' that 
the engines should esert eight times the power ; hut a 
double velocity may be ginned without any increase of 
power by such a modification of the form of the vessel 
as will enable it to pass through the water with greater 
facility. It is impossible, therefore, m the case of a 



:b, Google 



THE STEAM ENGINE. 89 

stetiin vessel, to te!! what velocity with a given load a 
given power of engine will produce, unless the shape 
of the vessel be also known ; and the shapes of vessels 
are so various and inconsistent, that it is' impossible 
to find any one expressioii by which they may all be 
represented. 

135. Q. — But may not the different shapes be so 
classified that the speed answerable to a given power 
in a specified class can be approximately predicted ? 

A. — Yes, that may be done, and has been done, by 
Boulton and Watt, who have ascertained, experiment- 
ally, the speed realized by different forms of vessels 
with different powers of engine, and have deduced 
from thence rules which enable them to tell with great 
precision the speed which any new vessel, of a par- 
ticular form and power, will achieve. Tlie fiist set of 
experiments was made in 1828, upon the vessels 
Caledonia, Diana, Eclipse, Kingshead, Moordjke, and 
Eagle — vessels of a similar form and all with square 
bilges and fiat floors ; and the result was to establish 
the number 925 as the co-efficient of performance of 
such vessels. This co-efficient is obtained by multi- 
plying the cube of the velocity of the vessel in miles 
per hour by the sectional area of immersed midship- 
section in square feet, and dividing by the nominal 
liorse power ; and its use is to enable us to determine 
the speed of any similar vessel with any other area of 
midship -section, and any other number of nominal 
horses power. The better the shape of the vessel is, 
the larger the co-efficient becomes, as appears by the 
second set of experiments, which were made upon the 
superior vesseb Venus, Swiftsure, Dasher, Arrow, 
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Spitfire, Fuiy, Albion, Queen, Dart, Hawk, MaTgaret, 
and Hero — all vessels having flat floors and round 
bilges, w lie re the co-efficient became 1160, The third 
set of esperiments was made upon the vessels Light- 
ning, Meteor, James Watt, CmderelJa, Navy Meteor, 
Crocodile, Water'^pnte, Thetis, Dolphin, Wizard, E-> 
cape, and Dragon — all vessels with rising floors and 
round bilges, and the co eSicient of performance ins 
found to be 1430 The fourth set of experiments 
was made in 1834, upon the lessels Magnet, Dart, 
Eclip-e Flamer Fi efly Ferret a d M hi 
tl ffi t f p -f rm f d ( b J58 

Th locty f y f th 1 1 y p 

f 1 m b ta d by hplj 

th -effi t f ( 1 by th mi 1 h p 
di di by th t 1 q ltd 

t t g th b t f th q t t h I U b 

th 1 ty 1 I h tl mh f 

m 1 h p q f th mph hm t 

t q dpdmjb t<mlbyinl ply 

tl b f th q d 1 ty m mil p 

1 by tl 1 sq ar f f d d d ng 

by tl ffi t th q t t th b f 

mih p qteto Iitlpdl 

th hi f th se p ra t th p es ft 

th b il n d b tw 2 lb d 4 lb p q 
inch, and the effective pressure on the piston varied 
between 11 lbs. and 13 lbs. per square inch, so that the 
average ratjo of the nominal to the actual power may 
be easily computed ; but it will be preferable to state 
the nominal power of some of the vessels, and tlicir 
actual power as ascertained by experiment. Of the 
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Eclipse, the nominal power was 78, and t!ie aotuai 
power 1414, horses ; of the Arrow, the nominEil power 
was CO, and the actual llfl'o; Spitfire, nominal 40, 
victual 64; Fury, nominal 40, actual 65-3; Albion, 
nominal 80, actual 135-4 ; Diirt, nominal 100, aclmil 
1324 ; Hawk, nominal 40, actual 73 ; Hero, nominal 
100, actual 171'4; Meteor, nominal 100, actual 160 ; 
James Watt, nominal 120, actual 204; Watersprite. 
nominal 76, actual 157-6 ; Dolphin, nominal 140, ac- 
tual 238; Dragon, nominal 80, actual 131; Magnet, 
nomimil UO, actual 238 ; Dart, nominal 130, actual 
237 ; Flamer, nominal 120, actual 234 ; Firefly, nomi- 
nal 52, actual 86'6 ; Ferret, nominal 52, actual 88 ; 
Monarch, nominal 200, actual 378. In the case of 
swift vessels of modern construction, such as the R«d 
Rover, Heine, Queen, and Prince of Wales, the co- 
efficient appears to be ahout 2550 ; but in these 
vessels there Is a still greater excess of the actual over 
the nominal power than in the case of the vessels pre- 
viously enumerated, and the increase in the co-efficient 
is consequent upon the increased pressure of the steam 
in the boiler, as well as the superior form of the ship. 
The nominal power of the Red Rover, Heme, and 
City of Canterbury is, in each case, 60 horses ; but 
the actual power of the Red Rover is 147, of the 
Heme 177, and of the City of Canterbury 153, and in 
some vessels the excess is still greater so that w th 
such sanations it heoomes necessarv to <tdopt i co 
efficient demed fiom the introdui,tion of the actual 
rastead of the nominal ponei In the hrst diss ot 
^e-ssels e^penmented upjn the aftual pnvei was 
about 1 6 luaes greater than the nominal powei m 
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tlie second class, 1'67 times greater; in tlie tliii-d class, 
I'Y times greater; and in the fourth, 1'96 times 
greater ; while in sucli vessels as the Red Rover and 
City of Canterbury, it is 205 times greater; so that 
if we adopt the actual instead of the nominal power in 
fixing the co-efficients, we shall have 554 as the first 
co-efficient, 694 as the second, 832 for the third, and 
806 for the fourth, instead of 026, 1160, lt30, and 
1580, as previously specified ; while for such vessels 
as the Red Rover, Heme, Queen, and Prince of Wales, 
we shall have 962 instead of 2550. These smaller co- 
efficients then express the relative merits of the dif- 
ferent vessels without reference to any difference of 
efficacy in the engines, and it appears preferable, with 
such a variable excess of the actual over the nominal 
power, to employ them instead of those first referred 
to. From the circumstance of the third of the new 
co-efficients being greater than the fourth, it appears 
that the superior result in the fourth set of experiments 
arose altogether from a greater excess of the actual 
ovr th" nominil power 

Q— w h h h p 
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while the particles of water ai-e moved aside but a 
small distance ; or, in other words, it causes the velocity 
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with which the water is moved to be very small rel- 
atively with the velocity of the vessel; and as the 
resistance increases as the square of the velocity with 
which the water is moved, it is conceivable enough in 
■what way a sharp bow msiy ditainish the resistance. 
In vessels in which a high rate of speed is intended to 
be realized, it will generally be advantageous to put 
the midship frame abaft the centre of the vessel ; or, in 
other words, to make the bow end sharper than the 
stem end, although the stern end must be sharp dso, 
else the water will be unable to fill the vacuity behind 
the vessel with sufficient rapidity to obviate the resist- 
ance due to a difference of level, and the v^sel also 
will steer badly It ippeavs expedient in most case* 
to make the shipe of the bow hnea such that m equal 
times the particles (f water shall occasion equal mcie 
ments of resistance and it i^. also most impoitant to 
keep vessels intended to he s«ift as Igbt as possible 
as the difference eien of a fen tons m the weight may 
■nateiially affect the speed 

127. Q. — WiH a \essel evpeiiencc moie leiiatmce 
m moving in. salt witer than in movii g in fresh ' 

A. — If the mimersion bi. the same in both cases a 
vessel wiU expencnue more resistance in moving in 
salt water thin in movmg in tresh o n account ol the 
greater density of salt water but is the flotat on 13 
proportionably greitei m the salt watei the resistance 
will be the sam with the same weight earned The 
resistance opposed to iny body mo>ing la a fluid is 
directly porportional to the quantit) of matter mo^ed 
and the height neLeaaiiyto generate the veJocttj of 
motion ; but the quantity of matter moved in any given 
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distance ia directly as the density or specific gravity of 
the fluid ; so that the density multiplied by the height 
requisite to generate the velocity, or, what is the same 
thing, by ttie velocity squared, will express the resist- 
ance universally. It has alre^y been stated, in the 
answer to Question 1 3, that the square root of the height 
from which a body fulls in feet multip led by 8'021, will 
give its velocity of motion in feet per second ; therefore 
the height multiplied by the square of 8"021, or 64J, 
will give the square of the velocity in feet per second, 
and the squai-e of the velocity divided by 64j will give 
the height. 

128. Q. — Then the resistance experienced by a 
vessel in passing through the water, will be less than 
that of a flat board of the same area as the cross section 
of the vessel ? 

A. — Yes, very much less, as is illustrated by the 
circumstance that steam vessels are propelled by a very 
small area of paddle float in proportion to their sec- 
tional area. When a flat board is moved through a 
fluid -vith its flat side foremost, the resistance it suffers 
is equal to the weight of a column of the fluid with 
a base of the same area as the board, and with the 
altitude due to the velocity of motion with which the 
board moves ; and the resistance will he the same 
whether the hoard moves through a quiescent fluid or 
a moving fluid strikes against a stationary board. As 
the altitude in feet due to the velocity of motion in feet 
per second, is equal to the square of the velocity divided 
by 64^, and as a cubic foot of fresh water weighs 
62j lbs., the pressure per square foot in lbs. upon a 
board moved through river water will be 62j times 
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the square of the velocity in feet per second divided 
by 64^ ; or it will be the square of the velocity multi- 
plied by -alia. To express ihe pressure or resistance 
in actual horses power, we must multiply this quantity 
by 60 times the velocity in feet per second, which will 
give the velocity in feet per minute, and divido by 
33,000 for horses power, which makes the resistance 
per square foot in horses power equal to the cube of 
th 1 ty f tp dm It pi ihyOOlimsl. 

It th w te t It tl h d blq Ij, the resistance 
■w 11 t 11 w d ff t 1 \\ 1 body impinges 

H q ly p pi tl f f pact with any 

t, 1 y *1 ^ ^^ angle of inci- 

d d tl 1 th f h 1 ch the particles 

fwt tk gait bod will ary as the sine 
t h 1 t wl h th y tnk t — becoming of 

1 d 1 th b d IS t ned more upon 

d B t tl umb 1 p t les striking the 

I d w II 1 y th f fl angle of inci- 

d h d th p p dicular height 

f 1 1 d b d th t tl sistance, as it 

b I w th th 1 w th wh h the particles 

t k tl bo d d h mb f particles which 
t k t m t y th q f the sine of the 

1 f d Th h tal sistance, there- 

p qu foot h p fa board which 

IS stTuck by the water obliquely, sugh as the tloat of 
a water wheel, or which strikes the water obliquely, 
such as the float of a paddle wheel, will be found by 
the following rule : — multiply the cube or third power 
of the velocity in feet per second by the area of the 
plane in feet, by the square of the sine of the angle of 
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incidence, and by the constant co-efficient -OOlTeeaT; 
the result will be the resistance in actual horses power 
of a board striking the water obliquely or obliquely 
struck by the water. 

129. Q. — But in a paddle wtee! the floats do not 
move in a horizontal line ? 

A. — There are two kinds of paddle wheels in exten- 
sive use, the one being the ordinary radial wheej, in 
which the floats are fixed on arms radiating from the 
centre, and the other the feathering wbeel, in whicii 
each float ia hung upon a centre, and is so governed 
by suitable mechanism as to be always kept in nearly 
the vertical position. In the radial wheel there is 
some loss of power from oblique action, whereas in 
the feathering wheel there is little or no loss from this 
cause ; but in every kind of paddle there is a loss of 
power from the recession of tie water from the float 
boards, or the slip as it is commonly called ; and this 
loss is the necessary condition of the resistance for the 
propulsion of the vessel being created in a fluid. The 
slip is expressed by the diflerence between the speed 
of the wheel and the speed of the vessel ; and the larger 
this difference is, the greater the loss of power from 
slip nmst be — the consumption of steam in the engine 
being proportionate to the velocity of the wheel, and 
the useful efl'ect being proportionate to the speed of 
the ship. In the feathering wheel, where every part 
of any one immciged float moves forward with the 
same horizontal velocity, the pressure or resistance 
may be supposed to be concentrated near the centre of 
the float; whereas in the common radial wheel this 
cannot be the CMe ; for as the outer edge of the float 
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moves moie lapidlj tlim the edge nearest the centra 
of the whpei, the outei pait of the floit is the most 
■ ftpctual in propuhmn The point at which the outer 
iTid inner portions of the float just h'ilanc*' one another 
m propelling effect, is called tlie centie of pnssure; 
and if all the resistances were concentrated in this 
point, they would have the same effect as hefoie in 
piopellmg the vcse! The lesistance upon any one 
moving float boaid totally immersed in the water will, 
when the vessel is af lest, obviously laiy as tin, squire 
of Its distance from thp centre of motion — the resist 
ance of a fluid varying with the square of the velocity ; 
but, except when the wheel is sunk to the axle or 
altogether immersed in the water, it is impossible, 
under ordinary circumstances, for one float t* be totally 
immersed without others being immersed partially, 
whereby the arc described by the extremity of the 
paddle arm will become greater than the arc described 
by the inner edge of the float ; and consequently the 
resistance upon any part of the float will inc 
a higher ratio than the square of its distanc 
centre of motion — tlie position of the centre of p 
being at the same time correspondingly affected. In 
the feavhering wheel the position of the centre of pres- 
sure of the enteriag and emerging floats is continually 
changing from the lower edge of the float — where it 
is when the float is entering or leaving the water — 
to the centre of the float, which is its position when 
the float is wholly immersed ; but in the radial wheel, 

centre of the float. 

130. Q. — All this relates to the action of the paddle 
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when the vessel is at rest ; will you explain its action 
ivhen the vessel is in motion. ? 

j1. — When the wheel of a coach rolls along the 
ground, any point of its peripheiy describes in the air 
a curve which is termed a cycloid ; any point within 
the periphery traces a prolate or protracted cycloid, 
and any point exterior to the periphery traces a curtate 
or contracted cycloid — the prolate cycloid partaking 
more of the nature of a straight line, and the curtate 
cycloid more of the nature of a circle. The action of a 
paddle wheel in the water resembles in this respect 
that of the wheel of a carriage running along the 
gnund that p int in the radius of the paddle, of 
which the lotitue speed is just equal to the velocity 
of the leaiel will de^c b j 1 d po ts th 

centre prohfe cycloid dp fs lu th f m th 

centre curtate cj cloid Th 1 d nb d bj th 

point whose i elocity qlth 1 tyfth hp 
13 called the iolhrtff c I d th t<ui d to 

the difFeience of ^ elocity f tl lU g 1 d i 
of pressure, is that wh 1 p nt tl p pul 

of the vessel. The rtai p yptfh 

float, therefore, will v y.a th q f ta dist 

from the rolling circle, supposing the float to be totally 
immersed ; but, taking into accoimt the greater length 
of time during which the extremity of the paddle acts, 
whereby the resistance will be made greater, we shall 
not err far in estimating the resistance upon any point 
at the third power of its distance from the rolling circle 
in the case of light immersions, and the 2'5 power in 
the case of deep immersions. With this assumption, 
which accords sufficiently with experiment to justify its 
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acceptation the pssituii ol the centie of pressure miy 
be found hv the fillowmg- lule — fiom the radius of 
the ivheel subtract the radius of the rolhii^ ciicle to 
the remainder idd the depth ol the p'iddle board 
and divide the tourth power of the «um by four times 
the depth fiom the cube root of the quotient &u>tra<,t 
the difFeren:,e betwepn thp radii of the wheel and roll- 
ing oircle and the remainder will be the di^-tance of 
the centre ot pressure fiom the uppei edge of the 
piddle The diametei of the lolling circle is ^ory 
lasily ftund for we haie fnlv to divide 5280 times 
the number of miles per hour by 60 times the number 
of strokes pei minute to get an expre'ssicn fcr the cir 
cumference of the rolling circle ; or the following rule 
may be adopted ; — divide 88 times the speed of the 
vessel in statute miles per hour, by 3-1416 times the 
number of stroltes per minute ; the quotient will be the 
diameter in feet of the rolling circle. The diameter 
of the circle in which the centre of pressure moves, or 
the effective diameter of the wheel being known, and 
also the diameter of the rolling circle, we at once find 
the excess of velocity of the wheel over the vessel, 
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to 69-1 152 ; then 934-66 divided by 691152, is equal 
to 1353 feet, which ia the diameter of the rolling oii'cle. 
The" diameter of the wheel is 19 ft. 4 in., so that the 
diameter of the rolling circle is about Jds of the diam- 
eter of the wheel, and this is a frequent proportion. 
The depth of the paddle board is 2 feet, and the differ- 
ence between the diameters of the wheel and rolling 
circle will be 5'8133, which will make the difference 
of their radii 2-906V ; and, adding to this the depth of 
the paddle board, we have 4'9067, the fourth power of 
wh' h ■ 679 "4 wh' h d' 'd d b f f n tl e d j th 
f tl p ddl b d g vs 455 tl b f 

1 1 4 1689 wh h d mim h d by tb I (i 
t th d f th wh 1 1 11 £c 11 
1 26 t t f th d t f th t f p es 

f m th upp dg f th p ddl b d th ts 
f h ht mm Tl d f tl wh 1 he 

9 6667 th d tan f th f h h 1 t 

tb upp dg f th tl t 7 6067 d dl g t 
thisl 622, gt892 1 t tl d , 17 93 
feet as the diameter of the circle in which the centre 
of pressure revolves. With 22 strokes per minute, the 
Telocity of the centre of pressure will be 20573 feet 
per second, and with 10-62 miles per hour for the speed 
of the vessel, the velocity of the rolling circle will be 
15"576 feet per second. The effective velocity will be 
the difference between these quantities, or 4997 feet 
per second ; and taking the length of the floais at 1 
feet, which makes the area of each float 20 square feet, 
the resistance in lbs. encountered by the vertical fioal 
will be 20 multiplied by 4■997^ multiplied by 0-9715, 
equal to 485"l7 lbs., which being doubled for the ver- 
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ticiJ float of the other wheel, gives us 970'34 lbs, as 
the pressure on the vertical floats in their motion 
through the water. The velocity with which the floats 
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paddles of the radml wheel sustain more resistance in 
propulsion, than the yertical one, it is necessary to 
remember that the only resistance upon the vertical 
piicldle is that due to the difference of velocity of the 
wheel and the ship ; but if the wheel be supposed to 
be immersed to its asle, so that the entering float 
strikes the water horizontally, it is clear that the 
resistance on such float is that due to the whole 
velocity of rotation ; and that the resistance to the 
entering float will be the same whether the vessel is 
in motion or not. The resistance opposed to the 
rotation of any float increases from the position of the 
vertical float — where the resistance is thiit due to the 
difference of velocity of the wheel and vessel — until it 
reaches the plane of the axis, supposing the wheel to 
be immersed so far, where the resistance is that due to 
the whole velocity of rotation ; and although in any 
oblique float the total resistance cannot be considered 
operative in a horizontal direction, yet the total resist- 
ance increases so rapidly on each side of the vertical 
float, that the portion of it which is operative in the 
birizontal direction, is in all ordinary cases of im- 
mersion very great when compared with the whole 
resistance upon the vertical float. In the feathering 
wheel, where there is none of this oblique action, the 
resistance will be simply in the proportion of the 
square of the horizontal velocities of the several floats, 
which may be represented by the horizontal distances 
between them ; and in the feathering wheel, the vertical 
float having the greatest horizontal velocity will have 
the greatest propelling effect. 

133. Q. — Can you give a rule for ascertaining the 
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resistance encoiin.tered by a paddle boavd at any part 
of its motion ? 

A. — In the common radial wheel the resistance or 
pressure upon any float may be ascertJuaed as follows : 
— from the velocity of the centre of pressure in feet 
per second, subtract the velocity of the rolling circle 
multiplied by the cosine of the angle of inclination the 
paddle board makes with a vertical line ; square the 
remainder, and multiply it by 'STIS times the area of 
the float in feet, which will give the tangential I'esist- 
ance of the float in Jbs. avoirdupois. The horizontal 
resistance may be obtained by multiplying this quantity 
again by the cosine of the angle of inclination the float 
makes with a verfical line. In the feathering wheel 
the teaiatance may be ascertained by multiplying the 
velocity of the centre of pressure by the cosine of the 
angle of inclinaljon, subtractiag from this the velocity 
of the rolling circle, squaring the remainder, and mul- 
tiplying it by '9715 times the area of float in feet, 
which win give the resistance of the float in pounds. 
By thus calculating the resistance of the different floats 
immersed, taking the mean of these resistances and 
multiplying by the number of floats in the water, we 
readily ascertain the resistance of the wheel ; and by 
finding what area of vertical paddle board moving at 
the velocity of the vessel would occasion the same 
resistance as all the floats immersed, and compaiing 
tils area with the aectionai area of the vessel, we may 
find tho power necessary to propel a board throug'h 
the water of equal area with the cross section of the 
vessel, which will show the diminution of resistance 
consequent upon the sharpening away of the bow and 
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stem. These relations, with many others connected 
with the paddle wheels, have been investigated at con- 
siderable length by Mr. Baidow in a paper published 
in the Philosophical Transactions, and reprinted in the 
Appendix to Tredgold's Treatise on the Steam Engine ; 
but some of Mr. Barlow's deductions are en-oneous, 
and he has vitjated nearly all his conclusions by con- 
founding tlie actual with the nominal horse power. 

134. Q. — Can you give any practical rules for pro- 
portioning paddle wheels? 

A. — A common rale for the pitch of the floats is to 
allow one float for every foot of diameter of the wheel ; 
but in the case of fast vessels a pitch of 2i feet, or even 
less, appears preferable, as a close pitch occasions less 
vibration. If the floats be put too close, however, the 
■water will not escape freely from between them ; and if 
set too far apart, the stroke of the entering paddle will 
occasion an inconvenient amount of vibrator}' motion, 
and there will also be some loss of power. To find the 
proper area of a single float; — difide the number of 
actual horses power of both engines hy the diameter of 
the wteel in feet ; the quotient is the area of one paddle 
hoard in square feet proper for sea-go^c^ vessels, and 
the area multiplied hy 0-6 will give thfi lonirth of the 
float in feet. In very sharp vessels, which offer less 
resistance in passing through the water, thr area of 
paddle board is usually one-fourth less than t''" above 
proportion, and the proper length of the float n-^y in 
such case be found by multiplying the area bf ''.'7. 
In sea-going vessels about four floats are usually ir>- 
mersed, and in river steamers only one or two float" 
There is more slip in the latter case, but there is nla 
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more engine power eserted in the propulsion of the 
ship, from the greater speed of engine thus rendered 
possible. If to permit a greater speed of the engine the 
floats be diminished in area instead of being raised out 
of the water, no appreciable accession to the speed of 
the vessel mil be obtained ; whereas there will be an 
increased speed of vessel if the accelerated speed of the 
engine be caused by diminishing the diameter of the 
wheels. In vessels intended to be very fast, therefore, 
it is expedient to make the wheels small, so as to 
enable the engine to work with a high velocity ; and 
it is expedient to make such wheels of the feather- 
ing kind to obviate loss of power from oblique action. 
In no wheel must the rolling circle fall below the water 
line, else the entering and emerging floats will carry 
masses of water before them. The slip is usually equal 
to about one-fourth of the velocity of the centre of pres- 
sure in well-proportioned wheels ; but it is desirable 
to have the slip as small as is possible consistently with 
the observance of other necessary conditions. The 
speed of the engine and also the speed of the vessel 
being fixed, the diameter of the rolling circle becomes 
at once ascertainable, and adding to this the slip, we 
have tl.<! diameter of the wheel. 

135. Q. — Is the screw propeller as effectual an instru- 
ment of propulsion as the radial or feathering paddle ? 

A. — In all cases of deep immersion it appears to be 
quite as effectual as the radial paddle ; but it is scarcely 
as effectual as the feathering paddle, with any amount 
of immersion, and scarcely as effectual as the commoa 
paddle in the case of light immeraons. 

138. Q. — In what way are the dimensions of the 
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screw propeller proportioned to the power of the en- 
gines and area of midship -section of vessel ' 

A. — It has heeo found experimpntally that when 
the screw is so proportioned as to mile the slip ibout 
^th of the speed of the screw, a max mum effect is 
produced, the speed of the vessel temg then j^othi of 
what it would be if the screw were wortmg n a i-olid, 
Find, by some of the rules previously gnen, what speed 
is due to the form and^ power as if the vessel were to 
be propelled by paddles, which speed call j^ths, and 
adding yjjth for slip, we shall have the number of feet 
per minute to be travelled by the screw, and this number 
divided by the number of revolutions per minute, will 
give the pitch of the screw in feet. The length of screw 
that is found most beneficial is about |th of a convolu- 
tion, and the diameter should be as lai-ge as it can be 
got. A screw with two arras, or a portion of a double- 
threaded screw, has been found as ff t i p p 11 
as any other ; but a screw with th bl d a 

portion of a three-threaded screw h b n f d t 
act with a more equable and regul m Th 

stem post carries behind it a cert q t tj f d d 
water which moves with the v 1 a d wl tl 
screw gets into this water, which h J pe th 

of a double-threaded screw when th tw a m f h 
screw are vertical, the resistance be m 1} q 1 

to that which would be due to the wl 1 1 ty f tl 
screw, instead of the difference f 1 ty 1 w 
and vessel ; and the forward thrust at th t p t 
much increased thereby, that a u y n I 
given to the hinder part of the sh p h 1 f 

power is at the same time ocoas n d Wh tl ee 
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blades are employed, tliis vibratory motion is by no 
means so conspicuous, as the impulse is equally divided 
among the three blades ; and a three-bladed screw 
therefore appeal's, on the whole, to be preferable. It is 
very important to make the run of the ship very fine, 
so that the vessel may carry as small a quantity as 
possible of dead water behind her. As regards the 
form of screw, it is found that the common screw with 
a uniform pitch is as effectual as any : screws of an 
increasing pitch have been tried at various times, but 
without the realization of any appreciable advantage. 
The water thrown backwards by the screw assumes a 
conical fonn, and the obliquity and consequent loss of 
power will be greater when the pitch of the screw is 
ooaree and the diameter small ; so that it is expedient 
to have as large a diameter as possible, a quick speed, 
and a fine pitch. 



8TREKBTH8, COBSTB0CTIVE DETAILS, AND MANAQEMHNT. 

137. Q. — In what way are the strengths of the dif- 
ferent parts of a steam engine determined ? 

A. — By a reference to the cohesion of iron, or its 
power to resist a tensile, twisljng, breaking, or crush- 
ing force — which has been fixed by numerous experi- 
ments, and by the computation of the amount of strain 
to which the several parts are subjected, to the end 
that the quantity of material may be made propor- 
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tjonale to the strain. The breaking strain of a bar of 
malleable iron, of medium quality, one inch square, 
whea pulled in the direction of its length, is from 
50,000 to 60,000 lbs., and of a bar of cast-iron from 
17,000 to 20,000 lbs. ; but a much smaller strain than 
this will damage the structure of the iron, and finally 
break it, if the strain be permitted to act without in- 
terruption. The tensile strain, to which a bar of mal- 
leable iron an. inch square may be subjected, without 
permanently deranging its structure, is 17,800 lbs,; 
and in the case of cast-iron 15,300 lbs. r but it would 
not be safe to apply such a strain in practice, as there 
are so many different qualities of iron, and so many 
irr^ularities of structure even in iron of the same 
quality, from unequal conversion, imperfect welds, and 
other circumstances, that it would be unwarrantable 
to reckon the maximum strength as at all times sub- 
sisting. The greatest strain to which malleable iron 
should be subjected in machinery is 4000 lbs. on the 
square inch of section, though in locomotive boilers 
this strain is sometimes exceeded. In the case of 
beams subjected to a breaking force, the strength with 
any given cohesion of the material will be proportional 
to the breadth, multiplied by the square of the depth ; 
and in the case of revolving shafts exposed to a twisting 
strain, the strength with any given cohesive power of 
the materia! will be as the cube of the diameter. If 
the force acting at the end of an engine beam be taken 
at 18 lbs. per circular inch of the piston, then the force 
acting at the middle will be 36 lbs. per circular inch of 
the piston, and the proper strength of the beam at the 
oentre will be found by the following rule:— divide 
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gnesaloadwithl.wste.il if abo j b p 
cular incb of transverse section ; but a latger size is 
pieferable, as with large bearings the brasses do not 
wear so rapidly and the straps are not so likely to be 
burst by the bearings becoming oval. To find the 
proper siae of a cast-iron gudgeon adapted to sustain 
any given weight ; multiply the weight in lbs. by the 
intended length of bearing expressed in terms of the 
diameter ; divide 'he product by 500, and estraet the 
square root of the quotient, which is the diameter in 
inches. Experiments upon the force requisite to twist 
off oast-iron necks show that if the cube of the di- 
ameter of neck in inches be m iltiplied by 880, the pro- 
duct will be the force of torsion which will twist them 
off when acting at 6 inches radius. To find the di- 
ameter of a cast-iron fly wheel shaft : multiply the 
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square of the diametir ol the cjlmder in inches by the 
length of the crank m inches ind extract the cube root 
of the product, Tvhioh multiply by 3025, and the 
result will be the dnmettr of the shift in inches at 
the smallest pait when of ca&t iron. To find tlie 
diameter of the paddle shaft of a steam vessel when of 
wrought-iron : multiply the square of the diameter of 
cylinder in inches by the length of the crank in inches, 
and extract the cube root of the product, which mul- 
tiply by 0-242; the result is the diameter of the shaft 
in inches at the smallest part when of malleable iron. 
The diamete of the ank pin is usually made -l-th of 
the diamete of the ylinder when of cast-iron, and 
^th of th da net« of the cylinder when of malleable 
iron. The d met of the piston rod is usually made 
jgfh of tl d amet of the cylinder, or the sectional 
area of tl p ton 1 tJtt*''^ °*' *^^ ^''^^ °^ ^^^ '^7^' 
inder. The sectional area of the main links in land 
beam engines is i^^th of the area of the cylinder, and 
the length of the main licks is usually half the length 
of the stroke. In land engines the connecting rod is 
usually of east-iron, with a cruciform section : the 
breadth across the arms of the cross is about j^th of 
the length of the rod, the sectional area at the centre 
^th of th f th yl d d t h d V**! 

of the f th jh d th 1 gth f th d is 

usually 3i t m t! 1 gtl t th t k T find 
the pr p d m n 1 th t tl f a.t ron 

wheel ; m 1 ply th d am t f th p t b le in 
feet by tl 1 f It lb d per 

minute, d th p d t f d lul- 

tiply th mb t act I h. p tbi ans- 
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mitted by 240, and divide the product by the above 
divisor, which will give tlie strength. If the pitch be 
given to find the breadth, divide the above strength 
by the square of the pitch in inches ; or if the breadth 
be given, then to find the pitch, divide the strength by 
the breadth in inches, and exti'act the square root of 
the quotient, which is the proper pitch in inches. The 
length of the teeth is usually about fths of the pitch. 
Pinions to work satisfactorily should not have less than 
30 or 40 teetb, and where the speed exceeds 220 feet 
in the minute, the teeth of the larger wheel should be 
of wood, made a little thicker to keep the strength un- 
impaired. These rules are for the most part applicable 
only in the ease of condensing engines working with 
steam of a few pounds pressure above the atmosphere ; 
whereas in many modern engines, and especially in 
marine engines since the introduction of tubular boilers, 
the pressure of the steam has been so much increased 
as to make the force urging the piston twice greater 
than formerly. 

138. Q. — Cannot you give some rules of strength 
which will be applicable whatever pressure may be 
employed ? 

J. — II the rules already given, the pressure may 
he reckoned at from 18 to 20 lbs. upon every square 
inch of the piston ; and if the pressure upon every 
square inch of the piston be made twice greater, the 
dimensions must just be those proper for an engine of 
twice the area of piston. It will not be difficnlt, how- 
ever, to introduce the piessure into the rules as an 
element of the computation, whereby the result will 
be applicable both to high and low pressure engines. 
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The method of computation will then he as follows ; to 
find the dimensions of a malleable iron paddle shaft, so 
that the strain shal! not exceed |-ths of the elastic 
force, or |-ths of the force iron is capable of withstand- 
ing without permTnent der-ingemeiit of structure, 
which in tensile strains is 17 bOO lbs per squaie inch 
multiply 0'08264 times the pip'isme in ibs per 'squaii, 
inch on the piston by the square of the diameter of 
the cylinder in mohes and the length of the ciank in 
incites, and extract the cube loot of the product 
which wil! he the dwnieter ot the piddle shilt joumil 
in inches when of malleable iron, whatever the pressure 
of the steam may be. The length of the paddle shaft 
journal should be Ij Umea the diameter ; and the 
diameter of the part where the crank is put on is often 
made equal to the diameter over the collars of the 
journal or hearing. To find the exterior diameter of 
the large eye of the crank when of malleable iron : — ■ 
to 1'56X times the pi-essure of the steam upon the 
piston in lbs. per square incb, multiplied by the square 
of the length of the crank in inches, add 000494 times 
the square of the diameter of the cylinder in inches, 
multiplied hy the square of the number of lbs. pressure 
per square inch on the piston ; extract the square root 
of this quantity ; divide the result by 75"59 times the 
square root of the length of the crank tn inches, and 
multiply the quotient by the diameter of the cylinder 
in inches ; square the product, and extract the cube 
root of the square, to which add the diameter of the 
hole for the reception of the shaft, and the result 
will be the exterior diameter of the largo eye of the 
crank when of malleable iron. The diameter of the 
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small eye of the crank may he found by adding to the 
diameter of the cnnk pin 0(J2i)2l tinpi the squire 
loot of the pressuie on the piiton in lbs per squire 
inrh multiplied bj the diametei of the cylinder in 
inches the diametei of the crunk pm miy be found 
by multiplvmg 02836 times the square loot of the 
pleasure on the piston in lbs pei square inch by the 
diameter of the cjhndei in inches The length of the 
pin IS usually about -Jth tmies its diameter and the 
strain if all thrown upon the end of tlie pm will be 
equal to the elastic force but m ordinary working 
the stram will onlj be equal to ^ of the elastic foice 
The thickness of the web of the crank supposing it to 
be continued to thp centie 6f tin, shaft would it thit 
pont be repiesented by the following rule — to I o61 
times the square of the length of the crank in inches 
add 00404 times the square of the diameter of the 
cylinder in inches multJphed by the pressure on the 
piston m Us pel square inch extract the squire 
roit of the sum which multiply by the diametei of 
the c 1 nde q a I n ncl es and by the piessuie on 
the p on n Ihs pe qu e inch divide the product 
hy 9000 n 1 e t act the cube root of the quotient, 
■which U be the p oper thi 1. ls f th w b t tl 
crank when of m lleable ron pp g tl b t 

b t nued t tl e ce tre of th 1 ft Tl thi k 
of the ¥eb at t! e ra k p n c tr pp g t to b 
CO tn ed tl tier w uld be 022 ti th q 
roo f the p e e on tl e p t lb p q 

el m Itphedby tied net t th )1 d Tl 

breadtl of tl e web of tl e c k f tb If t 

should be t ce the thicknefe, d t tl p tr Ig 

10* 
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tira&s the tiiiukness of the web ; the length of tho 
large eye of the crank should be equal to the diameter 
of the shaft, and of the small eje 0"0375 times the 
square root of the pressure on the piston in lbs. pei' 
square inch, multiplied by the diameter of the cylinder. 
The diameter of the piston rod may be found hy 
multiplying the diameter of the cylinder in inches by 
the square root of the pressure on the piston in lbs. 
per square inch, and dividing by 50, which makes 
the strain ^th of the elastic force. The diameter 
of tlie connecting rod at the ends, may he found by 
multiplying O'OIB times the square root of the pressure 
on the piston in lbs. per square inch by the diameter 
of the cylinder in inches ; and the diameter of tho 
connecting rod in the middle may he found by the 
following rule :— to 0-0035 times the length of the 
connecting rod in inches, add 1, and multiply the sum 
by 0-019 times the square root of the pressui'e on the 
piston in lbs. per square inch, multiplied by the diam- 
eter of the cylinder in inches. The diameter of the 
cylinder side rods at the ends may he found by multi- 
plying 0'0129 times the squaie root of the pressure 
on thf piston in lbs. per square inch by the diameter of 
(he cylinder ; and the diameter of the cylinder side 
rods at the middle is found by the following rule : — 
to 0'0035 times the length of the rod in inches add 1, 
and multiply the sum by 0'0I29 times the square root 
of the pressure on the piston in lbs. per square inch, 
multiplied by the diameter of the cylinder in inches ; 
the product is the diameter of each side rod at the centre 
in inches. The strain upon the connecting rod and 
side rods is by these rules equal to -^th of tlie elastic 
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force. If the length of the cross head be taken fit 1'4 
times the diameter of the cylinder, the dimensions of 
the cross head will be as follows: — the exterior 
diameter of the eye in the cross head for the reception 
of the piston rod, will be equal to the diameter of the 
hole, plus 0'02827 times the cube root of the pressure 
on the piston ia. lbs. per square inch, multiplied by 
the diameter of the cylinder in inches ; and the depth 
of the eye will he 0-0979 times the cube root of the 
pressure on the piston in lbs. per square inch, multi- 
plied by the diameter of the cylinder in incbes. The 
diameter of each cross head journal will be 0'0lT16 
times the square root of the pressure on the piston 
in lbs, per square inch, multiplied by the diameter of 
the cylinder in laches — the length of the journal 
being f ths its diameter. The thickness of the web at 
centre wiU be 0*0245 times the cube root of the pres- 
sure on the piston in lbs. per square inch, multiplied 
by the diameter of the cylinder in inches, and the 
depth of web at centre will he 0-09178 times the cube 
root of the pressure on the piston in lbs. per square 
inch, multiplied by the diameter of the cylinder in 
inches. ITie thickness of the web at journal will be 
O'0I22 times the square root of the pressure on the 
piston in lbs. per square inch, multiplied by the diam- 
eter of the cylinder in inches, and the depth of the 
web at journal will be 0-0203 times the square root of 
the pressure upon the piston in lbs. per square inch, 
multiplied by the diameter of the cylinder iu inches. 
In these rules for the cross head, the strain upon the 
web is -j-J^^ times the elastic force ; the strain upon 
the jom'nal in ordinary working is ^.^ times the ehuitio 
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force ; and if the outer ends of the journals are the 
only bearing points, the strain is -^^ ti e the 
elastic force, which is very little in f tl 1 

force. The diameter of the main c m j b 1 d 

by multiplying 0-0367 times the sq t tl p s^ 

upon the piston in lbs. per square i h by th di m t 
of the cylinder in inches, which w 11 g tl d m t 
of the main centre journal when of 11 bl at d 

the length of the main centre jo 1 h Id b Ij 
times its diameter; the strain up tl n t 

journal in ordinary working will b b t ^ th 
elastic force. In oscillating engi th d m f 

the trunnions ia regulated by th d t f tl 
pipes, and the thickness of the tru m ns b t tl 
same as the thickness of the cylii d It hvi 

from the varying proportions subsi t n tl d ff t 
parts of the engine between the st d th 1 t 

force, that in engines proportioned by th 1 — 

which represent nevertheless the ^ pra t f 

the best constructors — some of th p t must j =s 
a considerable excess of strength over other parts, and 
it appears expedient that this disparity should be 
diminished, which may best be done by increasing the 
strength of the pai'ts which are weakest ; inasmuch ns 
the frequent fracture of some of the parts shows 
that the dimensions at present adopted for those parts 
are scarcely sufficient, unless the iron of which they 
are made is of the best quality. At the same time it 
is quite certain, that engines proportioned by these 
rules will work satiafactoril)' where good materials are 
employed ; but it is important to know in what parts 
good materials and large dimensions are the most ia- 
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dispensable. The depth of gibs and cutters for attacli- 
ing the piston rod to the cross head, is 0'0358 times 
the cube root of the pressure of the steam oa the piston 
in lbs. per square inch, multiplied by the diameter of 
the cylinder ; and the tbickness of the gibs and cutters 
is O'OOT times the cube root of the pressure on the 
piston in lbs. per squaie mch, multiphed by the diam- 
eter of the cyJiiider. The depth of the cutter through 
the piston is 0017 times the squaie lOot of the pressure 
on the piston in lbs. per square mch, multiplied by the 
diameter of the cylinder in inches; and the thickness 
of the cutter through the piston is O'OO? times the 
square root of the pressure on the piston in lbs. per 
square inch, multiplied by the diameter of the cylinder. 
The whole of the answers to these rules are given in 
inches. 

139. Q. — How do you determine the strength of 
boilers ? 

A. — The iroa of boilers, like the iron of machines 
or structures, is capable of withstanding a tensile strain 
of from 50,000 to 60,000 lbs. upon every square inch 
of section ; but it will only bear a third of this stnun 
without permanent derangement of structure, ard it 
does not appear expedient in any boiler to let the 
strain exceed 4000 lbs. upon the square inch of sec- 
tional area of metal ; and 3000 lbs. on the square inch 
of section, is a preferable proporljon. The question 
of the strength of boilers was investigated very elab- 
orately a few years ago, by a Committee of the 
Franklin Institute, in America, and it was found 
that the tenacity of boiler plate increased with the 
temperature up to 550", at which point the tenacity 
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began to diminisb. At 32° the cobesive force of u 
square inch of section was 56,000 lbs. ; at 570° it was 
66,500 lbs; at 720°, 55,000 lbs.; at 1060°, 32,000 lbs. ; 
at 1240°, 22,000 lbs.; and at 1317°, 9000 lbs. Cop- 
per follows a different law, and appears to be diminished . 
in strength by every addition to the temperature. At 
32° the cohesion of copper was found to be 32,800 lbs. 
pel square inch of section w hich eiceeds the cohesii e 
foice at any higher temperature ind the squaie of 
the diminution of stiength seems to kepp pi(,e AMth 
the cube of thf increased temperature Strips of iron 
cut m the diiectiOB of the hbie wete found to be about 
6 pet cent stionger than when cut auro s the gian 
Repeated pilng and neldiOg was found to me east, 
the, tenacity of the non but the result of ■welding 
together difiirent kinds of iron was not lound to be 
favorable The aocidentil overheating da toiler was 
found to reduce the ultimate or masimum stieng,th of 
thi, plates fiom 65 000 Ib^ to 45 000 lbs pel square 
incli of section and ruetmg the plates was found to 
occasnn a diminution in their stiength to the extent 
of one third In some lo(,omotive boilers whii-h ire 
woiked with a pressure of 80 lbs upon the squire 
inoh the thickness of the phte^ is only ^^ths of 
an inch while the barrel of the boiler is 30 inches 
m diameter It will require a length of 3 2 inches 
of the boiler when the plitea ■ire ^ths thick to make 
up a sectional aiea of one square inch and the sepa 
rating force will be 39 times 3 2 multiplied l^y bO 
which makes the sepwiting fotce 9J34 lb «ustamed 
by two square inches of sectional aiea — one on eaeh 
side 01 the sti-am is 4992 lbs per squire inch of 
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Motional area, wliich is a greater strain than is ad- 
visable. The accession of strengtli derived from the 
boiler ends is not here taken iato account ; but neither 
is the weakening effect counted that is caused by the 
rivets, which ceruiinly would not be less in amount. 
The proper thickness for cylindrical boilers or other 
cylindrical vessels, whether of cast or wrouglit iron, 
exposed to an interna! pressure, may be found by 
the following rule : — multiply 2-54 times the inter- 
nal diameter of the cylinder in inches by tlic greatest 
pressure within the cylinder per circular inch, and 
divide by the tensile force that the metal will bear 
without permanent derangement of structure, which 
for malleable iron is IT, 800 lbs., and for cast-iron 
15,300 lbs. per square inch of section; the result is 
the thickness in inches. Where the sides of the 
boiler are flat instead of being cylindrical, a sufBcient 
number of stays must be introduced to withstand the 
pressure, and it is expedient not to let the strain 
upon these stays be more than 3000 lbs. per square 
inch of section, as the strength of internal stays in 
boilers is generally soon diminished by corrosion. It 
is expedient also that the stays should be small and 
numerous rather than large and few in number, as 
when large stays are employed it ia difficult to keep 
them tight at the ends, and oxidation of the shell 
follows from leakage at the ends of t!ie stays. A strain 
at all approaching that upon locomotive boilers would 
be very unsafe in the case of marine boilers, on account 
of the corrosion, both internal and external, to which 
marine hmllers are subject. All boilers should be 
proved, when new, to three or four times the pressure 
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they aro intended to bear, and they should be proved 
occaaonally by the haad pump when in use, to detect 
any weakness which cori'osion may have occasioned. 

140. ©.—What is the cause of the rapid con-osion 
of marine boilers? 

A. — Maiine boilers are corroded externally in the 
region of the steam chest by the dripping of water 
from the deck ; the bottom of the boiler is corroded by 
the action of the bilge water, and the ash pits by the 
practice of quenching the ashes with salt water. These 
sources of injury, however, admit of easy remedy ; the 
top of the boiler may be preserved from external cor- 
rosion by covering it with felt, upon which is laid sheet 
lead soldered at every joint so as to be impenetrable to 
water ; the ash pits may be shielded by guard plates, 
which are plates fitting into the ash pits and attached 
to the boiler by a few bolts, so that when worn they 
mav be removed and new ones substituted whereby 
an} wear upon the boiler m thit part will be prevented , 
and there will be ■veiy little weai upon the bottom of 
a boiler if it be imbedded in mastic cement laid upon 
a suitable plattorm The greatest part of the corrosion 
of a boiler however takes place m the inside of the 
steam chest and the origin of this coiroaion is one of 
the obscnre'it subjects in the whole lange ot engmeer 
ing It cannot be from the chemical action of the 
salt water upon the iron for the flues and other paits 
of the boilei beneath the isatei sutFer vcn little fiom 
conosion and in steam vessels provided with Halls 
condensers which supply the boiki with f esh witei 
scarcely any incieased duribiUtj of the hoilu has been 
espenenoed Heveithele'-' maiine boilei-s seldom last 
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more than for 4 or 5 years, whereas land boilers made 
of the same quality of iron often last 18 or 20 years, 
and it does not appear probable that land boilers would 
last a very much shorter time if salt water were used 
in them. The thin film of scale spread over the parts 
of a marine boiler situated beneath the water, effec- 
tually protects them from corrosion ; and when the 
other parts are completely worn out, the flues genei-ally 
remain so perfect that the hammer marks upon them 
are as conspicuous as at their first formation. The 
operation of the steam in corroding the interior of the 
boiler is most capricious — the parts which are most 
rapidly worn away in one boiler being untouched in 
another ; and in some cases one side of a steam chest 
will be very much wasted away while the opposite side 
remains uninjured. SomeUmca the iron esfoliates in 
the shape, of a black oxide which comes away in flakes 
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that its temperature is greater than is due to its elastic 
force ; and on this liypothesia the observed I'acts rela- 
tive to corrosion become easily explicable. Felt, ap- 
plied to the outside of a boiler, may accelerate its 
internal corrosion by keeping the steam in a sur- 
charged state, when by the dispersion of a part of the 
heat it would cease to be in that state. Boilei-s in whicli 
there is a large accumulation of scale must have worked 
with the water very salt, which necessarily produces 
surcharged steam ; for the temperature of steam can- 
not be less than that of the water from which it is 
generated, and inasmuch as the boiJing point of water, 
under any given pressure, rises with the saltness of the 
water, the temperature of the steam must rise with 
the saltness of the water, the pressui-e remaining the 
same ; or in other words, the steam must have a higher 
temperature than is due to its elastic force, or be in 
the state of surcharged steam. The circumstance of 
the chimney flue passing through the steam will inaBi- 
festly surcharge the steam with heat, so that all the 
circumstances which are found to accelei-ate conosion, 
are, it appears, such as would also induce the forma- 
Ijon of surchai-ged steam. Besides, the natural eftect 
of surcharged steam is to osidate the iron with which 
it is in contact, as is illustrated by the familiar process 
for making hydrogen gas by sending steam through a 
red-hot tube filled with pieces of iron ; and although 
the action of the surcharged steam in a boiler is neces- 
sarily very much weaker than where the iron is red 
hot, it manifestly must have sortie oxidizing effect, and 
the amount of corrosion produced may be very ma- 
^al where the action is perpetual. Boilers with 
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a large extmt of heating suifice oi with dpscending 
fluta c rculating through the cooler water in tl e bottom 
f the bo ki before ascending the chimney m ill be les. 
iioded intern illy than boileis in which a large quan 
t tj of the heat passes away in the smoke and the 
cnrosion of the botier ■wdl be diminished if the inte 
] or of any flue pas^mg through the steam be eoafed 
with fiie bnck so as to prevent the transmission of 
tl e heat in ihat situation The best practice howeier 
appears to consist in the transmission of the smoke 
thioiigb a suitable orifice below the water level so as 
to supersede the necessitj of carrying any flue through 
thp steam at all or a column of natei may be cairied 
riund the chimney into which as much of thp feed 
■Viatel may be introduced as the heat ot the chimnej 
IS capable cf raising to the boihng pomt is undtr 
this limitition the piesence of fted watei arcund the 
chimney m the steam chest will fil to condense the 

141 Q — Will you explain the cour'se ot piocedure 
in the construction and setting of wagon boil^'is ' 

4 — Most boilers are made of pUtea three eighths 
of an meh thick and the n\ets are fiom three eighths 
to three-fourths of an inch in diameter. In the bottom 
and sides of a wagon, boiler, the lieads of the rivets, 
or the ends formed before the rivets are inserted, should 
he large, and placed next the fire, or on the outside ; 
whereas oa the top of the hoUer the heads should be 
on the inside. The rivets should be placed about two 
inches distant from centre to centre, and the centre of 
the row of rivets sliould be about one inch horn the 
edge of the plate. The edges of the plate should be 
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truly cut, both inside and outside, and after the parts 
ot the boiler haie been meted together thi. edgps of 
tha pUte should he set up or ciulki'd with a blunt 
chi'ici about a quarter of dn inoh thi k in the po nt 
and Btrucls by a hammei of about 3 oi 4 lb weight — 
one man holding the ca ilkmg tuol while ai!oth*-r 
strikes The bo lei should then be tiled wth witer 
and caulked afresh m an> leiky part, all the joints 
above the water should next be painted with a solution 

well rusted they shouM be dried with a gentle fire, 
and then be painted over with a thin putty formed 
of whiting and linseed oil — the heat being continued 
until the putty becomes so hard tbat it cannot be 
readily scratched witli the nail, and care must be taken 
neither to bum the putty nor to discontinue the fire 
until it has become quite dry. In building the brick- 
work for the setting of the boiler, the parts upon which 
the heat acts with most inten^ty is to be built with 
clay instead of roortar; but mortar is to be used on the 
outside of the work. Old bars of flat iron may be laid 
under the boiler chime to prevent that part of the 
boiler from being burned out, and bars of iron should 
also run through the brick-work to prevent it from 
split'ing. The top of the boiler is to be covered with 
brick-work laid in the best lime; and if the lime be 
not of the hydraulic kind, it should be mixed with 
Dutch terrass to make it impenetrable to water. The 
top of the boiler should he well plastered with this 
lime, wiiieh will greatly conduce to the tightness of 
the seams. Openings into the ilucs must be left in 
convenient situations to enable the flues to be swept 
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out when required, and tliese openings may be closed 
with cast-iron doors jointed with, clay or mortar, which 
may be easily removed when required. Adjacent to 
the chimney a slit must be left in the top of the flue 
with a groove in the brick-work to enable a sliding 
door or damper to be fised in that situation, which by 
being lowered info the flue will obstruct the passage 
of the smoke and moderate the draught, whereby the 
chimney will be prevented from drawing the flame into 
it before the heat has acted sufficiently upon the boiler. 

142. Q.—Ave marine constructed in the same way 
as land boilers ? 

A. — There is very little difference in the two 
oases : the whole of the shells of marine boilers, how- 
ever, should be double riveted with rivets JJth of an 
inch in diameter, and 2|-th inches from centre to 
centre, the weakening effect of double riveting being 
much less than that of single riveting. The furnaces 
above the line of bars should be of the best Lowmoor, 
Bowling, or Staffordshire scrap plates, and the portion 
of each furnace above the bars should consist only of 
three plates, one for the top and one for each side, the 
lower seam of the side plates being situated beneath 
th=. level of the bai's, so as not to be exposed to the 
heat of tte furnace. The tube plates of tubular 
boilers should be of the best Lowmoor or Bowling 
iron, seven-eighths to one inch thick : the sheila should 
be of the best Staffordshire or Thomycroft S Crown 
iron, seven-sixteenths of an inct thick. Angle iron 
should not be used in the constmction of boilers, as in 
the manufacture it becomes reedy, and is apt to split 
up in the direction of its length : it is much the safer 
11* 
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practice to bend the plates at thp cornpn, of the 
boiler, but this must he ciiefully done without intro 
duLing^ anj more shirp bends thin cin be a^oidid, 
and plites which lequite to be bent much should he 
of Lowmooi iron It will ususUj he found expedient 
to introduce a nn^ of angle iron around the tutnice 
mouths though it is discarded in the other part*, of the 
boilei , but It should he used as sparingly as possible, 
and any that is used should be of the best quality. 
The whole of the plates of a boiler should have the 
holes for the rivels punched, and the edges cut straight, 
by means of self-acting maehinery, in which a travelling 
table carries forward the plate with an equaJ progres- 
sion every stroke of the punch or shears ; and ma- 
chinery of this kind is now estensively employed. 
The practice of forcing the parts of boilers together 
with violence, by means of screw-jaclis, and drifts 
through the holes, should not be permitted ; as a great 
strmn may thus be thrown upon the rivets, even 
when there is no steam in the boiler. All rivets 
should be of the best Lowmoor iron. The work 
should be caulked both within and without wherever 
it is dccessible ; but in the more confined situations 
within the flues, the caulking will in many eases have 
to be done with the hand or chipping instead of the 
heavy hammer previously prescribed. In the setting 
of marine boilers cave must be taken that no copper 
bolts or niuls project above the platform upon which 
they rest, and also that no projecting copper bolts in 
the sides of the ship touch the boiler, as the galvanic 
action in such a case would probably soon wear the 
points of contact into hole^. The platform may cmi- 
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Nst of 3-inc!i plankbg laid across the keelsons nailed 
wiili iron nails, the heads of which are well punched 
down, and caulked and puttied lite a deck. The sur- 
face may then he painted over with thin putty, and 
f d ft hoards of half the thickness may then be 

I d d and nailed securely with iron nails, having 
tl h d well punched down, This platform must 
ti b vered thinly and evenly with mastic cement, 
d th boiler he set down upon it, and the cement 
m t b ujked beneath the boiler by means of wooden 
Ik tools, so as completely to fill every vacuity. 
C m ifb of wood sloped on the top must next be set 
d h Iwilej-, and the space between the coomings 
1 11 b iler mu^t be c'wiik''d full of cement and be 
ootl d off on the top 1 1 the slope of the (.oommga so 
t th w off any water that might he disposed to 
b tveen the ooommga and the boiler Mastic 
I opei tor the setting if boilers is sold m many 
pi dy made Hamelin s m^stio is compounded 

f II w : — To inv given weight of sand oi pulver- 
u d earthenware add two thirds ouch guen weight 
f p d ed Bath Poithnd or othei simihr stone 
a d t ry file hundied and sivty pounds weight of 
tl t -p add f^ity pounds wei^fht of htiiargo two 

p d f powdered gliss or fliat one pound of 
m m nd two pounds of gray oside of lead piss 
th t e through a iie\e and ketp it m i powder 

f When wanted for use a sufficient quantity 

f h p der is mixed with some legetable od upon a 
hoard or in a t ough n the mannpr of mo tar in fhe 
proportion of = x hundred and fiii, pom ds of the 
powder to fiie gallons of inseed walnut oi pink oJ, 
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and the mixture ia stirred and trodden upon until it 
assumes the appearance of moistened sand, ivhen it is 
ready for use. The cement should be used on the same 
day the oil is added, else it will set into a solid mass. 

143. Q. — Will you state any other oonstructiye de- 
tails in connection with marine boilers which occur to 
you as deserving of enumeration ? 

A. — It will not be possihle to state them in a very 
systematic manner hy adopting this course, but per- 
haps it may be of most importance to dispatch them 
summarily. It has already been stated that furnace 
bars should not much exceed 6 ft. in lengtli, as it is 
difficult to manage long fumaees ; but it is a frequent 
practice to make furnaces long and narrow, the conse- 
quence of which is, that it is impossible to fire them 
effectually at the after end, especially upon long 
voyages and in stormy weather, and ah escapes into 
the flues at the after end of the bars, whereby the 
efficacy of the boiler is diminished. Where the bars 
are very long, it will generally be found that an in- 
creased supply of steam and a diminished consumption 
of :.oal will he the consequence of shortening them ; 
and the bars should always lie with a considerable in 
chnation, to facilitate the distribution of the fuel over 
the after pait of the furnace. When there are two 
lengths of bars m the furnace, it is expedient to make 
the central cioss bar for bearing up the ends double, 
and to leave a space between the ends of the bars so 
that the ashea may fall through between them. The 
space thus left enables the bars to expand without in- 
jury on the application of heat ; whereas, without some 
Buch provision, the bars are very liable to get burned 



:b, Google 



THE STEAM E\(ilNE. 129 

out by bending up in the centre, or at the ends — as they 
iuust do if the elongation of the bars on the application 
of heal be prevented ; and this must be the effect of 
permitting the spaces at the enda of the bars to be 
tiljod up with ashes. At each end of each bed of bars 
it is expedient to leave a space which the ashes cannot 
fill up so as to cause the bai*s to jam ■ and care must be 
tilien that the heels of the bars do not come igiinst 
■iiiv of the furnace beareia, wheiebj the room lett at 
the end of the bars to permit the expansion would be 
lendered of no avail The turnace bridges of manne 
I jileif. arc eithei made ot fire bnck oi of plate iron 
citammg water in the case of watet bridges the 
tip pirt ot the bndge should be made with a large 
iniount of slant so as to enabli the steim to escape 
t flj , but notTvithstondang this prei-aution the 
plites ol w^tel bridges ire ■ipt to crick at the bend, 
so that tue bnck bridges appeal on the whole to be 
pielerable In shallow furnaces the bridges often 
rome too neai the furnace top to enable a man to pans 
'\<T them and it will save espense if m such budges 
the upper poition is constructed of two or three iiie 
1 'orks whith maj be lifted off where a person requn es 
to entei the flues to sweep ir lepsui them whereby 
the perpetual demohlion and reconstruction of the 
ujper part of the briige will be prevented Thp 
iurnacts aie shallowest in boders with a double tiei 
ol furii ces one iboi e the othei but such boJers dre 
now little used the steam of the liwer furnace ap 
ppu-ato be condensed to a certam ejtent m coming 
into contwt With the irtn of the supcnoi at,h pit, and 
it 19 difficult, in such shallow fumaees as the plan m- 
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voUes to give the bwa a suffifient incliiiatoQ to 
enable the fuel to pa=s on to the after end TIip flue 
oi flue hoiLrs genprilly contracts in area as it ftp 
proaohes the chimney and it is a common practice to 
place a hanging bridge consisting ot a plate of iron 
de-5i,ending a certain distance into the llue at that 
part of the flue \ihere it enters the chimney wheieby 
the stratum of hot air ■nhich occupies thi, higheit part 
of the flue is kept in protracted contact with the boiler 
and the cooler Air occupying the lower pwt of the flue 
IS that whch alone escapes The practice of intio 
ducmg a banging bridge i** a beneficial one in the 
(,ise of some boilers but is not appln-able unnersdiy, 
as boilera with a small cilor meter cannot be further 
contracted in the flue without a diminution in their 
eviporatins; power In tubular boifers a hinging 
bndge is no": applicable ; but in some cases a perfoi-ated 
plate is placed against the ends of the tubes, which, 
by suitable connections, is made to operate as a sliding 
damper, which partially or totally closes up the end of 
every tube, and, at other times, a damper constructed 
in the manner of a Venetian blind is employed in the 
same situation. These vaiietics of damper, however, 
have only yet been used in locomotive boilers, though 
applicable to tubular boilers of every description. It 
is an advantage that there should be a division be- 
tween the tubes pertaining to each furnace of a marina 
tubular boiler, so that the smoke of each furnace may 
be kept apart from the smoke of the furnace adjoinmg 
it until the smoke of both enters the chimney, as by 
ithis arrangement a furnace only will bo rendered in- 
operative in cleaning the fires instead of a boiler, and 
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the tubes belonging to one furnace may be swept if 
necessary at sea without interfering injuriously with 
the action of the rest: the connection between the 
tubes of the inactive furnace and the chimney would 
obviously require to be closed in such a case, either by 
a damper or otherwise. The sides of the internal fur- 
naces or flues in all boilers should be so constructed 
that the steam may readily escape from their surfeces, 
with which view it is expedient to mate the bottom of 
the flue somewhat wider than the top, or slightly 
conical in the cross section, and the upper plates 
should always he overlapped by the plates beneath, so 
that the steam cannot he retained in the overlap, but 
escapes as soon as it is generated. If the sides of the 
furnace be made high and perfectly vertical, they will 
speedily he buckled and cracked by the heat, as a film 
of steam in such a case will remam in contact with the 
iron, which will prevent the access of the water, and 
the iron of the boiler will be injured by the high tem- 
perature it must in that case acquire. To moderate 
the intensity of the heat acting upon the furnace sides, 
it is expedient to bring the outside fire-bars into close 
contact with the sides of the furnace, so as to prevent 
the entrance of mr through the fire in that situation, 
by which the intensity of the heat would he increased. 
The tube plate nearest the furnace in tubular boilers 
should also be so inclined as to facilitate the escape of 
the steam ; and the short bent plate or flange of the 
tube plate, connecting the tube phite with the top of 
the furnace, should be made with a gradual bend, as 
if the bend be sudden the iron will be apt to crack or 
bum away from the concretion of salt. 'Where the 
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furnace mouths aie conti acted by bending in tte s d t 
and top of tiie furnace as is the gene al pract ce tl o 
bends should be gradual, as salt la ip to ac n ul te 
in the pockets made by a sudden bend and the plates 
■will then burn into holes It is ery exped e t tl at 
sufficient space should be left befwcen the furna e and 
the tubes in all tubuUr boilers to pe mit a hoy U. go 
in to clear away any scale that miy have formed and 
to hold ou the nvets in the eve t of repa r be ng 
wanted ; and it is also expedient thit a ve t cal ow of 
tubes should he left out opposite to e ch water pace 
t all tl t f tl t m d th descent of the 

w t t h h f und th t th m vol of tl p 

tubes th t p t hi th d fie e t 

heatin uif h eas d th p d t on of stean 

a d d m h d th mp f f I Ihe t be 

h Id II h k pt c ti m t I 1 ne so as to 
p m t th t d t f n t t to s nj e 

th 111 b t th y 1 Id b g d the hor zontal 

Ln wh by a g eat th i etaJ w 11 be 

btai d d th h 1 th t b [ 1 tes 

144. Q. — In what manner is the tub ng and stay ng 
of boilers performed ? 

A. — The tubes of marice boilers a e generally iron 
tubes, 3 inches in diameter, and between 6 and 7 ft 
long, hut sometimes brass tubes of m lar d mens o s 
are employed. When brass tubes a e en ployed the 
use of ferules driven into the ends of the tubes appears 
to be indispensable to keep them tight ; but when the 
tubes are of malleable iron, of the thickness of Russell's 
boiler tubes, they may be made tight merely by driving 
them firmly into the tube plates. The holes in tho 
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lube plafe next the front of the boiler are made about 
one aixleenth of an inch larger in diameter than the 
holi's m the otlier tube plate, and the holes upon the 
outer surt.ices of both tube plates are slightly counter- 
sunk. One end of each tube is enlarged about a six- 
teenth of an inch to fit the enlarged holes in one of the 
plates ; both ends may then be turned slightly in the 
lathe to make them smooth and uniform in diameter 
and length, and the whole of the tubes are then to be 
all driven through both tube plates from the front of 
the boiler — the precaution, however, being taken to 
dnve them in gently at first with a light hand-hammer, 
until the whole of the tubes have been inserted to an 
equal depth, and then they may be driven up hy degrees 
with a heavy hammer, whereby any distortion of the 
holes from unequal driving will be prevented. Finally, 
the ends of the tubes should be riveted up so as to fill 
tlie countersink ; the tubes should be left a little longer 
than the distance between the outer surfaces of the 
tube plates, so that the countersink at the ends may 
be filled by staving up the end of the tube rather than 
by riveting it over, and the stavmg will be best ac- 
complished by means of a mandril with a coHar upon 
it, which is driven into the tube so that the collar rests 
upon the end of the tube to be n\eted It appears 
expedient in all cases where ferules are not u'.ed, that 
some of the tuHes should he screwed at the ends, so as 
to serve as stays if the riveting at the tube ends happens 
to be burned away, and also to act as abutments to the 
riveted tube. To prevent leakage through the thread 
of the screw, if tlie plan of screwing some of ilie tubes 
be adopted, it will be expedient to let the screwed ends 
12 
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boilers, there will be a pressure of 2880 Iba. on erery 
square foot of Sat surface, so that if the strain upon 
the stajs 16 not to esceed 3000 lbs. oh the square 
imh of section, there must be nearly a square inch of 
sectional area of stay for every square foot of flat sur- 
face on the top and bottom, sides, and ends of the 
bolter This very much exceeds the proportion usually 
adopted, and in scarcely any instance are boilera stayed 
sufBciently to be safe when the shell is composed of 
flat surfaces The furnaces should he stayed together 
with bolts of the best scrap iron ij inch in diameter, 
tapped throug'h both plates of the water space with 
thin nuts in each furnace ; and it is expedient to make 
the row of stays running horizontally near the level of 
the bars, sufficiently low to come beneath the top of 
the bars, so as to be shielded from the action of the 
fire, with which view they should follow the inclina- 
tion of the bars. The row of stays between the level 
of the bars and the top of the furnace should be as 
near the fop of the furnace as will consist with the 
functions they have to pcrfomj, so as to be removed as 
far as possible from the action of the heat ; and to 
support the furnace, top cross-bare may cither he 
adopted, to which the top is secured with bolts as in 
the case of locomotives, or stays tapped into the fur- 
nace top with a thin nut beneath may be carried to 
the top of the boiler ; but very little dependance can 
he put in such stays as stays for keeping down the top 
of the boiler, and the top of the boiler must therefore 
be stayed nearly as much as if the stays connecting it 
with the furnace crowns did not exist. The large 
rivets passing through thimbles, sometimes used as 
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stays for water spaces or boiler shells, are objection- 
able ; as from the great amount of hammering such 
rivets have to receive to form the heads, the iron 
becomes crystalline, so that the heads are liable to 
come off, and indeed sometimes fly off in the act of 
being formed. If such a fracture occurs between the 
boilers after they are seated in their place, or in any 
position not accessible from the outside, it will in 
general be necessary to empty the faulty boiler, and 
repair the defect from the inside. The stays where 
the sides of tlie boiler are flat and the pressure of the 
steam is from 20 to 30 Iba., should be pitched about a 
foot or 1 8 inches asunder ; and in the wake of the tubes 
w^here stays cannot be carried across to connect the 
boiler sides, angle iron ribs, iike the ribs of a ship, 
should be riveted to the interior of the boiler, and 
stays of greater strength than the rest should pass 
across above and below the tubes, to which the angle 
irons would communicate the strain. The whole o( 
the long stays within a boiler should be firmly riveted 
to the shell, as if built with and forming a part of it ; 
as by the common method of fixing them in by means 
of cutters, the decay or accidental detachment of a pin 
or cutter may endanger the safety of the boiler. 
Wherever a large perforation io the shell of any cir- 
cular boiler occurs, a sufficient number of stays should 
be put across it to maint^n the original strength ; and 
where stays are intercepted by the root of the funnel, 
short stays in continuation of them should be placed 
inside. The flues of all flue boilei-s diminish in their 
calorimeter as they approach the chimney i some very 
satisfactory boilers have been made by allowing a pro- 
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portii>n of 0-6 of a square foot of fire grate per nominal 
horsft power, and making the sectional area of the flue 
at tlie largest part -^th of the area of fire grate, and at 
the smallest part where it enters the chimney -^jth of 
the area of the fire grat« ; but in some of the hollers 
proportioned on this plan the maximum sectional area 
is only -Jj- or -Jj-, according to the purposes of the 
boiler. These proportions are retained whether the 
boiler is fiue or tubular, and from 14 to 16 square feet 
of tube surface is allowed per nominal horse power; 
but such boilers although they may give abundance of 
steam are genenllj needlesslj bulkj and the method 
of hxing the propoi lions does not appear so eligible as 
that previously suggested In sea going steamers the 
funnel pUtes are usually about 9 ft long and j\ths 
thick and where different flues or boilers have their 
debouch m the same chimney it is expedient to run 
dnsion plates up the chimney for a considerable dis- 
tan e to keep the draughts distinct The dampers 
should not be m the ohimney but at the end of the 
boiler flue, so that they may be available for \\se if the 
funnel by accident be carried away. The waste strain 
pipe should be of the same height as the funnel, so as to 
carry the waste steam clear of it, for if the waste steam 
strikes the funnel it will wear the iron into holes ; and 
the waste steam pipe should he made at the bottom with 
a faucet joint, to prevent the working of the funnel 
when the vessel rolls from breaking the pipe at the neck. 
There should be two hoops round the funnel for the at- 
tachment of the funnel shrouds, instead of one, so tliat 
the funnel may not be earned overboard if one hoop 
breaks, or if the funnel breaks at the upper hoop from 
12* 
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the corrosive action of the waste steam, as s 
happens. The deck over the steam chest should he 
foiiued of an ii'oii plate supported by angle iron heams, 
and there should be a high angle iron cooming round the 
hole in the deck through which the chimney ascends, 
to prevent any water upon the deck from leaking 
down upon the boiler. Around the lower part of the 
funnel there should be a sheet-iron casing to prevent 
any inconvenient dbpersion of heat in that situation ; 
and another short piece of casing, of a somewhat 
larger diameter and riveted to the chimney, should 
descend over the first casing, so as to prevent the ram 
or spray which may beat against the chimney from 
being poured down within the casing upon the top of 
the boiler. The pipe for conducting away the waste 
water from the top of the safety valve should lead 
overboard, and not into the bilge of the ship, as in- 
convenience arises from the steam occasionally passing 
through it, if it has its termination in the engine room. 
The man-hole and mud-hole doors, unless put on from 
the outside like a cylinder cover with a great number 
of bolts, should be put on from the inside with cross 
bars on the outside ; and the bolts should he strong, 
and have coarse threads and square nuts so that the 
threads may not be overnin, nor the nuts become 
round by the unskilful manipulations of the firemen, 
by whom these doors are removed or replaced. If 
from any injperfection in the roof of a furnace or flue 
a pat«h requires to be put upon it, it will be better to 
let the patch he applied upon the upper rather than 
upon the lower surface of the plate ; as if applied 
within the furnace a recess will be formed for the 
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Iijdgment of deposit, which will prevent the rapid 
transmission of the heat in that part, and the iron will 
he very liable to be again burned away. A crack in 
a plate may be closed by boring holes in the direction 
of the crack, and iaserting rivets with large heads, so 
as to cover up the imperfection. If the top of the 
furnace he bent down, from the boiler having been 
accidentally allowed to get short of water, it may be 
set up again by a screw-jack — a fire of wood having 
been previously made beneath the injured plate; but 
it will in general be nearly as expeditious a course to- 
remove the plate and introduce a new one, and the 
result will be more satisfactory. 

145. Q. — Is much inconvenience experienced in 
marine boilers from saline incrustations upon the 
flues? 

A. — Incrustatjon in boilers at one time caused 
much more perplexity than it does at present, aa it 
was supposed that in some seas it was impossible to 
prevent the boilers of a steamer from becoming salted 
up : but it has now been satisfactorily ascertiuned 
that there is very little difference in the saltness of 
different seas, and that, however salt the water may 
be, the boiler will be preserved from any injurious 
amount of incrustation by blowing off, as it is called, 
very frequently, or by permitting a considerable por- 
tion of the super-salted water to escape at short ifiter- 
vals into the sea. Sea wnter contains about jLd its 
weight of salt, and in the open air it boils at the tem- 
perature of 2I3'2°; if the proportion of salt be in- 
creased to ^da of the weight of the water, the boiling 
point will rise to 214'4° ; with ^^^-ds of salt the boiling 
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point will be aiS'S"; ^%ds, 2ie''7° ; /jds, 217-9°; 
/jds, 219°; ^ds, 220-2°, /^ds, 221 4°; ^<h, 222-5° ; 
l^ds, 223-7° ; yds, 224 9° , aad ^|da, which is the 
point of saturation, 220° In a iteam boiler the 
boiling points of water containing these proportions 
of salt must be higher, as the elevation of temperature 
due to the pressure of the stram has to be added to 
that due to the saltnesa of the water; the temperatnre 
of steam at the atmospheric pressure being 212°, its 
temperature at a pressure of 16 lbs. per square inch 
will be 260° ; and adding to this 4-7° as the increased 
temperature due to the sajtness of the water when it 
contmns 5^s of salt, we have 254-7° as the temper- 
ature of the water in the boiler, when it contains 
g^gds of salt and the pressure of the steam is 15 lbs. 
on the square inch. It is found by experience that 
when the concentration of the salt water in a boiler is 
I from exceeding that point at which it con- 
s 5*jd* '•* weight of salt, no injurious incrustation 
■will take place ; and as sea water contains only j^d of 
its weight of salt, it is clear that it must be reduced 
by evaporation to one-fourth of its bulk before it can 
contain g'jds of salt ; or, in other words, a boiler 
must blow oul into the sea one-fourth of the water it 
receives as feed, in order to prevent the water fiom 
rising above ^ds of concentration. Taking the latent 
heat of steam at 1000° at the temperature of 212°, 
ad k mg h m h tent and sensible heats 
a m n£f a n q y, the latent heat of 

h p m 60° will be 962°, and the 

to h h b 1212° in the case of 

fres wate b h d water is sent into the 
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boiler at the temperature of 100°, the accession of 
heat it receives from the fuel will be 1112° in the 
case of fresh water, or 1112° increased by 3'99° in the 
case of containiog j^^ds of salt — the 3'98° being the 
4'7° increase of temperatiire due to the presence of 
^ds of salt, multiplied by O'Bil, the specific heat of 
steam. This makes the total accession of heat re- 
ceived by the steam in the boiler equal to 1115-98°, 
or say 111 6, which nmltiplied by 3, as 3 parts of the 
water are raised into steam, gives us 3348° for the 
hent in the steam, while the accession of heat received 
in the boiler by the 1 part of residual brine will be 
154-7°, multiplied by 0-85, the specific heat of the 
brbe, or 130-495° ; and 3348° divided by 130-495'' is 
about ^th. It appears, therefore, that by blowing 
off the boiler to such an extent, that the saltness shall 
not rise above what answers to ^'jds of salt, about 
^th of the heat is blown into the sea: this is hut a 
small proportion, and as there will be a greater waste 
of heat, if from the existence of scale upon the flues 
the heat can be only irapei-fectly transmitted to the 
water, there cannot be even an economy of fuel in 
niggard blowing off, while it involves the introduction 
of other evils. To save a part of the heat lost by the 
operation of blowing off, ihe hot brine is sometimes 
passed through a number of small tubes surrounded 
by the feed water ; but there is scarcely any gain 
from the use of such apparatus, and the tubes are apt 
to become choked up, whereby the safety of the boiler 
may be endangered hy the injurious concentration of 
its contents. Pumps, worked by the engine for the 
extraction of the brine, are generally used in con- 
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nection with the small tubes for the estraction of the 
heat from the super-salted water ; and if the tubes 
hei;ome choked, the pumps will cease to eject the 
W!itt;r, while the engineer may consider them to he 
utl the while in operation. The general mode of 
blowing off the boiler, is to allow the water to rise 
gradually for an hour or two above the lowest work- 
ing level, and then to open the cock communicating 
with the sea, and keep it open until the surface of the 
water within the boiler has fallen several inches ; but 
in some cases a cook of smaller size is allowed to run 
water continuously, and in other cases brine pumps 
are used, as already mentioned ; but in every case in 
which the super-salted water is discharged from the 
boiler in a continuous stream, a hydrometer or salt 
gauge of some convenient construction should he ap- 
plied to the boiler, so that the density of the water 
may at all times be visible. Blowing off from a point 
near the surface of the water is more beneficial than 
blowing off from the bottom of the boiler. Solid par- 
ticles of any kind, it is well known, if introduced into 
boihng water, will lower the braling point in a slight 
degree, and the steam will chiefly be generated on the 
surface of the particles, and indeed will have the ap- 
pearance of coming out of them : if the particles be 
small, the steam generated beneath and around them 
will balloon them to the surface of the water, where 
the steam will be hberated and the particles will 
descend ; and the impalpable particles in a marine 
boiler, which by their suteidence npon the flues con^ 
Crete into scale, are carried in the first instance to the 
surface of the water, so that if they he caught there, 
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and ejected from tliL. bodei the lornntion of scale will 
be preveiitid Ad i intake is taken of this propeity 
ill Lamb's &i^le P eientei which is aubatanti illy a 
contrivance for blo>ii£f oft from the surfico of the 
water thtit in prai,tn,e is found to be \ ei y effectual 
but a float in conntction w th a valve at tl e mouth of 
the dischaiging pipe is there introdiioed so as to 
regulate the quantity of water blonn out by the 
height of the witer lei el or by the entent at opening 
given to the tped cock the oppratiun however of 
the contrivance would be much the same it the float 
were dispensed with In some hodeis sheet uon 
vessels called sediment collectors aieemplojed which 
collect into them the impalpable matter which m 
Lamb's apparatus is ejected from the boiler at once 
One of these vessels of about the size and shape of a 
loaf of sugai is put into each boiler with the apei 
of the cone tinned downwards into a pipe leading 
overboard, foi conducting the sediment away fiom the 
boiler. The base of the cone stands some distance 
above the water line and in its side conical slits are 
cut, so as to estibiish a ftee ccmmunication between 
the water within the coni^il vessel and the water out 
side it. The pai tides of stonj matter which are bal 
looned to the suiface by the steam m e\ery othei p rt 
of the boiler Bub&ide within the lone where no steam 
is generated and the water is consequently trinquil 
and the deposit i« dischaiged overboard at inteivals 
by means of the cock commumi,ating with the sea 
By blowing off from the surfice of the water the 
requisite cleans ng iction is obtained w th less waste 
of heat ; and where the "vater is muddy the foam 
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upon the surface of the water is ejected from the 
boiler — thereby removing one of the chief causes of 
priming. As it is very desirable that boilere acting 
on the principal of continuously blowing off a smal 
stream of the super-salted water, should be provided 
with a salt gauge which will give immediate notice of 
any interruption of the operation, various contrivances 
have been devised for this purpose, the most of which 
operate on the principal of a hydrometer ; but perhaps 
a more satisfactory principa! would be that of a dif- 
ferential ateam gauge, which shall indicate the dif- 
ference of pressure between the steam in the boiler 
and the steam of a small quanfty of fresh water 
enclosed in a suitable vessel, and immerged in the 
water of the boiler. If blowing off be sufficiently 
practiced, the scale upon the flues will never be much 
thicker than a sheet of writing paper, and no excuse 
should be accepted from engineers for permitting a 
boiler to be damaged by the accumulation of calca- 
reous deposit. Flue boilers generally require to be 
blown off once every watch, or once in the two hours ; 
but tubular boilers may require to be blown off once 
every twenty minutes, and such an amount of blowing 
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the flues, while tlie scale from its imperfect con- 
ducting power can only expand slowly, will crack off 
the scale ; by wasliing down the flues with a hose tte 
scale will be carried to the bottom of the boiler, or 
issue with the water from the mud-hole doors. This 
method of scaling must be practiced only by the 
engineer himself, and must not be intrusted to the 
firemen, who in their ignorance might damage the 
boiler by overheating the plates. It is only where 
Ihe incrustation upon the flues is considerable, that 
this method of removing it need be practiced ; la 
other cases the scale may be chipped off by a hatchet- 
faeed hammer, and the flues may then be washed 
down with the hose in the manner before described. 
In tubular boilers a good deal of care is required to 
prevent the ends of the tubes next the furnace from 
becoming coated with scale. Even when the boiler is 
tolerably clean in other places the scale will collect 
here ; and in many cases where the amount of blowing 
off previously found to suffice for flue boilers has been 
adopted, an incrustation five-eighths of an inch in 
thickness has formed in twelve months round the 
furnace ends of the tubes, and the stony husks en- 
veloping them have actually grown together in some 
parts so as totally to exclude the water. When a 
boiler gets into this state the whole of the tubes must 
he pulled out, which may be done by a Spanish wind- 
lass combined with a pair of blocks ; and three men 
when thus provided will be able to draw out from 50 
to 70 tubes per day — those tubes with the thickest and 
firmest incrustations being of course the most diSicult to 
remove. The act of drawing out the'tubes removes 
IS 
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the incrustation ; but the tubes should aftenvards ba 
scraped by dm wing tliera backwards and forwards 
between two old files, fixed in a rice, in the foim of 
the letter V, The ends of the tubes should then be 
heated and dressed with the hammer, and plunged 
while at a blood heat into a bed of sawdust to make 
them cool soft, so that they may be riveted again with 
facility. A few of the tubes will be so far damaged 
at the ends by the act of drawing them out, as to be 
too short for reinsertion : this result might be to a 
considerable extent obviated, by setting the tube 
plates at different angles, so that the several hoii- 
zontal rows of tubes would not he originally of tbe 
same length, and the damaged tubes of the long rows 
would serve to replace the short ones : but the prac- 
IJce would be attended with other inconveniences. 
Muriatic acid, or muriate of ammonia, commonly 
called sal-ammoniac, introduced into a boiler, prevents 
scale to a great extent ; but it is liable to corrode the 
boiler internally, and also to damage the engine, by 
being carried over with the steam ; and the use of such 
intermixtures does not appear to be necessary, if 
bJoving off from the surface of tbe water is largely 
practiced. The soot which collects in the inside of 
the tubes of tubular boilers is removed by means of a 
brush, like a large bottle brush and the caibonaceous 
scale, which remims idhenn^' to the mtcrior of thp 
tubes, is removed b> a circular set per Ferules m 
the tubes inteifeic with the action of thia si-npir and 
in the case of iion tubes ferules are now generiUy 
discarded; but it will sometimes be ncce'isii> to use 
^ules £ar iron tubes, where tho tubi-a havo bceo 
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8 it may be difficult to refix the 
tubes without such an auxihary. Tubes one-tenth of 
an inch in thickness are too thin : one-eighth of an inch 
ia a better thickness, and such tubes will better dis- 
pense with the use of ferules, and will not so soon wear 
into holes 

146, Q. — Will you explain the nature and cause of 
priming ? 

A. — Priming is a violent agitation of the water 
within the boiler, in consequence of which a large 
quantity of water passes off with the steain in the 
shape of froth or spray. Such a result is injurious, 
both as regards the efSoacy of the engine, and the 
safety of the engine and boiler; for the large volume 
of hot water carried by the st«am into the condenser 
impaira the vaeuum, and throws a great load upon the 
air pump, which diminishes the speed and available 
power of the engine ; and the existence of water with- 
in the cylinder, unless there be safety valves upon the 
cylinder to permit its escape, will very piobably cause 
some part of the machinery to break, by suddenly 
arresting the molion of the piston when it meets the 
surface of the water, — the slide valve being closed to 
the condenser before the termination of the stroke, in 
all engines with lap upon the valves, so that the water 
within the cylinder is prevented from escaping in that 
direction. At the same time the boiler is emptied of 
its water too rapidly for the feed pump to be able to 
miunlain the supply, and the flues are in danger of 
being burnt from a deficiency of water above them. 
The causes of priming are an insufS-oient amoimt of 
steam room, an inadequate ai-e& of water level, an in- 
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sufScieut width between tlie flues or tubes for the 
ascent of the ateara and t!ie descent of water to supply 
the vacuity the steam oooasions, and the use of dirty 
waler in the hoiler. New hoilers prime more than 
old boilers ; and steamers entering rivers from the sea 
are more addicted to priming than if sea or river 
water had alone been used in the boilers — probably 
from the boiling point of sa]t water being higher than 
that of fresli, whereby the sjilt water acts like so much 
molten metal in raising the fresh water into steam. 
Opening the safety valve suddenly may make a boiler 
prime, and if the safety valve be situated near the 
mouth of the steam pipe, the spray or foam thus created 
may be mingled with the steam passing into the engine, 
and materially diminish its effective power ; hut if the 
safety valve be situated at a distance from the mouth 
of the steam pipe, the quantity of foam or spray pitss- 
iag into the engine may be diminished by opening the 
safety valve ; and in locomotives, therefore, it is found 
beneficial to have a safety valve on the barrel of the 
boiler at a point remote from the steam chest, by par- 
tially opening which, any priming in that part of the 
boiler adjacent to the steam chest is cheeked, and a 
purer steam than before passes to the engine. When 
a boiler primes, the engineer generally closes the 
throttle valve partially, turns off the ijijection water, 
and opens the furnace doors, whereby the generation 
of stejim is checked, and a less violent ebullition in 
the boiler sufBces. Where the priming aiises from an 
insufficient amount of steam room, it may be mitigated 
by putting a higher pressure upon the boiler, and 
' ly, or by the interposition of 
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ft eel} to the place from ■« hence the steam jres the 
■width of the vi iter spaces being vutudlly mcreaaed by 
restiicting their functioa to the transmission of a cur 
rent of st<.am and watei to the surface It is desirable, 
however, to ajrange the heating surf ice m such a way 
that the feed witer entermg the boiler at its lowe&t 
pomt IS heated graduallj as it ascends until towaids 
the aupeiior part of the flues it is raised gradually 
mto steam -ind in boilers ('e--igned upon this principle, 
there will be lesa need for any special provision to 
enable currents to rise or descend. The steam pipe 
proceeding to the engine should obviously be attached 
to the highest point of the steam cheat, in boilers of 
every construction. 
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also become red hot in some parts from the attach- 
ment of sciile, which from its imperfect conducting 
power will cause the jioii to be unduly heated ; and if 
the scale be accidentiilly detached, a partial explosion 
may occur in consequence. It is found, however, that 
a sudden disengagement of steam does not immediately 
follow the contact of water with tlie hot metal, for 
water thrown upon red hot iron is not immediately 
converted into steam, but assumes the spheroidal form, 
and rolls about in globules over the surface. These 
globules, however high the temperature of the metal 
may be on which they ai'e placed, never rise above 
the temperature of 205°, and give off but very little 
steam ; but if the temperature of the metal be lowered, 
the water ceases to retain the spheroidal form, and 
comes into intimate contact with the metal, whereby 
a rapid disengagement of steam takes place. If water 
be poured into a very hot copper flask, the Baak may 
be corked up, as there wiil be scarce any steam pro- 
duced so long as the high temperature b maintained ; 
but so soon as the temperature is suffered to faU below 
S50° or 400°, the spheroidal condition being no longer 
maintflinable, cteam is generated with rapidity, and 
the cork will be projected from the mouth of the flask 
with great force. One useful precaution against the 
explosion of boilers from too great an interna! pres- 
sure, consists in the application of a steam gauge to 
each boiler, which will make the existence of any un- 
due pressure in any of the boilers immediately visible ; 
and every boiler should have a safety valve of its own, 
the passage leading to which should have no connection 
with the passage leading to any of the stop valves 
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used to cut off the connection between the boilers ; so 
that the action of the safety valve may be made inde- 
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148. Q. — Will you state something of the peciUiaii- 
tJes of structure of locomotive boilers ? 

A — L t b 1 rs t f h p t — 
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h Id r bl 1 b b t b t 



as to enable the tubes to hold the tube plates together. 
The ferules are for the most part made of steel at the 
fire box end, and of wrought-iron at the smoke boi 
end, though ferules of malleable cast-iron have in 
some cases been used with advantage ; malleable 
cast-iron ferules are almost as easily expanded when 
hammered cold upon a mandril, as the common 
wrought-iron ones are at a working heat. Spring- 
steel, rolled with a feather-edge, to facilitate its con- 
version inti) ferules, is supplied by some of the steel 
makers of Sheffield, and it appears expedient to make 
use of steel thus prepared when steel ferules are em 
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ployed. The roof of the internal fire box, whether 
fiat as ill Stephenson's engines, or dome-shaped as in 
Bury's, requires to he stiffened with cross stay-bars ; 
hut the bars require to he stronger and more numerous 
■when applied to a flat surface. The ends of these 
stay-bars rest ahore the vertical sides of the fire bos ; 
and to the stay-bars thus estending across the crown, 
the crown is attached at intervals by means of stay- 
bolts. There are projecting bosses upon the stay-bars 
encircling the bolts at every point where a bolt goes 
through, but in the other parts they are kept clear of 
the fire boi crown, so as to permit the acc^s of water 
to the iron; and, with the view of facilitating the as? 
cent of the steam, the bottom of each stay-bar should 
be sharpened away in those parts where it does not 
touch the boiler, Tbe internal and external fire boxes 
are joined together at the bottom by a n shaped iron, 
and round the fire-door they are connected by means 
of a copper ring Ij in. thick, and 2 in. broad; the 
inner fire bos being dished sufficiently outwards at 
that point, and the outer fire box sufficiently inwards, 
to enable a circle of rivets three-fourths of an inch in 
diameter passing through the copper ring and the two 
thicknesses of iron to make a water-tight joint. To 
find ihe proper length of bar requisite for the formation 
of a hoop of any given diameter, add the thickness of 
the bar to the required diameter, and the corresponding 
circumference in a table of circumferences of circles is 
the length of the bar. If the iron be bent edgewise, 
the breadth of the bar must he added to the diameter ; 
for it is the thickness of the bar measured radially that 
is to be taken into consideration. In the Urea of 
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meter, and then to End the Pinumference from a table ; 
or the same lebult will be obtamed by mult plying 
the diametei thu'' mcreased b> the thicliness of the 
hoop by 3-1416 

149. Q. — \re Ijcomjtue boileis p ividcl with a 
steam chest ' 

A— The upper porti n of the external fiie box la 
usually formed i ito a stCdm chest which is sometimes 
dome-shaped sonietimes "semi ciictdar and sometimes 
of a pyramidical form ind from this steam i-hest the 
steam is conducted away by an mternal pipe to the 
cylinders ; but m othei casea an independmt steam 
chest is set upon the barrel of the boile Lonsistmg of 
a plate-iron cjbnder 20 inches in diameter 2 ft hyh 
and three-eighths of an mob thick with a dome shaped 
top, and with the seam welded ind the edge tunipd 
over to form a flanj,e of itt ichment to the boiler The 
pyramidical dome of tl e fo m employed in Siej hen 
son's loooraotii es p esents a confide able extent of 
flat surface to t!ie pressure of the steam, and this flat 
14 
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surface requires to be very strongly stayed with angle 
irons and tension rods ; whereas the semi-globu!ar 
dome of the kind employed in Bury's engines requires 
no staying whatever. The man-hole, or entrance into 
the boiler, consists of a circular or oval aperture, of 
about 15 in. diameter, placed in Bury's locomotive at 
the apes of the dome, and in Stephenson's upon the 
front of the boiler, a few inches below the level of the 
rounded part ; and the cover of the man-hole in Bury's 
engine contdns the safety valve seats. In whatever 
situation this man-hole is placed, the surfaces of the 
ring encircling the hole, and of the internal part of the 
door or cover, should be accurately fitted together by 
scraping or grinding, so that they need only the inter- 
position of a little red lead to make them quite tight 
when screwed together. Lead or canvas joints, if of 
any considerable thickness, will not long withstand the 
action of high pressure steara; and the whole of the 
joints about a locomotive should be such that they re- 
quire nothing more than a little paint or puttv, or a 
ring of wire-gAuze smeared with white or red lead, to 
make them perfectly tight. There must be a mud- 
hole opposite the edge of each water space, if the fire 
box be square, to enable the boiler to be easily cleaned 
out, and these holes are most conveniently closed by 
screwed plugs made slightly taper. A cock for empty- 
ing the boiler is usually fixed at the bottom of the 
fire box ; and it should be so placed as to be accessible 
when the engine is at work, in order that the engine 
driver may blow off some water if necessary ; but it 
must not be in such a position as to send tlie water 
blown off among the machinery, as it might carry sand 
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or gr t into the bcaiings to iliPii manifest mjuri To 
■save the steam which is lormed when the engme is 
st-itionary a pipe is usuallj fitted to the boiler ■nhich, 
on a i,uck being twined, c oducts the steam info the 
wnter in the tender wheieM the fpcd water is htated, 
and less fuel is subseqiieatlj required This method 
of disposing ot the suiplus st«am may be idopted n hen 
the locomotive is descending inclines oi on any occa, 
sion where mDre steam is pioduced than the engine 
(■an consume The fiie bill's m locomotnes havt, al 
nays beeaasouice of trouble as, fiom the intensty 
of the heat m the furniti^e they become so hot as to 
throw off 1 scile and to bend undei the weight of the 
fuel The best alleviation ot these evils hcs m miting 
the bars deep and thin : 4 inches deep by five-eighths 
of an inch thick on the upper side, and three-eighths of 
an inch on the under side, are found in practice to be 
good dimensions In some locomotives a frame carrying 
a number of fi e bitsia mideso that it mij be diopped 
Buddenly bv loo'.enma; a catch but it is found tliat 
anv such mf-chirism can raielj be long kept in work 
mg order a" the moltin dinkei bv tunning d we be 
twecn the frame ind the boder will genei Uj glue the 
frame into its place it is therefore found prefeiable 
to fi\ the Irame and to lift up the birs by the dart 
used by the stoker when 'm> cause requires the fire 
to be withdr»wn The f irniee bars of locomotives are 
alwijs mide of m lleable iron and for eveiy species 
of boiler malleable i on bars are to be prefened to 
bars of cast iron is they aie more dur hL and may 
from their thinness, be set closer together, whereby the 
small coal or coke is saved that would otherwise fall 
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into the asli pit Tin, aali \)0\ of locomotives is made 
of plate lion a quaiter thick it should not he less 
than 10 in deep and its bottom should be about 9 in. 
above the lesel of the rails The chimney of a loco- 
motive IS made oi phte iron one eighth of an inch 
thick : tt iB usually of the SAiae dianief et as the cylin- 
der, and must not sfJnd moic than 14 ft. high above 
the level of the riiK 

150 Q —Whit IS the best diamtter for the tubes 
of locomotii e boilers ' 

A. — Bury's locomotive with 14 in 0}linders contains 
92 tubes of 2^th in. external diameter, and 10 ft. 6 in. 
long; whereas Stephenson's locomotive with 15 in. 
cylinders, contains 150 tubes of l|ths external diame- 
ter and 13 ft 6 in long In Stephenson's boiler, in order 
that the pait of the tubes next the ch mney may be 
of anj avid foi the generation of steam the draught 
has to be very intense which m ils turn invohes a 
considenibli expenditure of powei and it is quest on 
able whelhei the inoreised c\pendituie of power upon 
the blast in Stephenson's lon^ tubed locomotives is 
compensated bj the increased generation of ■iteam 
consequent upon the extens on of the heating suriace 
When the tubes aie small in dnmetet they a e apt to 
become ptitwUy chtked with pieces of coke but an 
internal diameter of 1| m^j be emplo)ed without 
mcomemenoe if the draught be of medium mteneity 
The intensity of the draught mav easilj be diminished 
by parti illy closing the darapei in the thimnpj and 
It may be increased by contracting the oi hce ot the 
blast A vanible blast p pe the oiihte of whi h may 
bt enlarged oi contracted at pleasure is now much 
used Tiiere are vaijous devices for this piirpose, but 
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the best appe t b t5 t d pt d St [ 1 
engine, where a cal 1 m d p d n 
within a blast p p h 1 d hi 

in diameter th n tl bai f i b t I 

projecting int n 11 g t 1 h tl b f h 

cone abuts wh th 1 p h d p Wh 1 

nozzle stands th t p f th p p th 11 f 1 
steam has to p th h t d tl t ty f 1 
blast Is inorea d by th d 1 tj th 

to the steam ; h wh th zzl m d d 

ward the steam escapes through the annular opcnm^, 
Itft between the nozzle and the pipe as well la through 
the uuzzli, itselt and the intensity of the blist s di 
mmished by the enUigement of the openinij for the 
LBcape of the steam thus mide available In most 
locomotives the (eloeit^ of the draught is such that it 
nould requi e ^eiy loig tubes to e\tract the hfat 
fiom the ptoductbi of combusti a it the heat were 
1,1 in'Jmitted through the metal of the tubes with onh 
tlii. same faoilitj as thiough the irin of oidinarj flue 
boilera and if it weie lequired at the same timt, that 
the heat shoidd be as thoroughly evtntted The 
Nile steame with engnes of 110 nominal horses ponei 
each *ind with two bolers having two independent 
flupo m Pioh of such dimensions as to make each flue 
fqunalent to 55 nominal horses poner works at 63 
pti cent aboie the nominal power so that the actual 
"iqontive efficacy of eich flue would b*, cquivaknt 
to 89 actuil hoises power supposing the engines to 
op nte Without Cipansion but as the mean pressuie 
in the cyhnder IB somewhit less thin the imtial prcs 
sure the evapoiatue efhcacy of each flue may bfl 
U* 
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would only lequire to be 22 19 m. long with tbe same 
velocity of draught ■ but as the draught is 11-11 times 
faster tlian in a flue boiler, the tubes ought to be 
246'558 inches, or about 20j ft. long according to this 
proportion. In pmctice, however, they are one-third 
less than this, which reduces the heating surface from 9 
to 6 square feet per actual horse power, and this length 
even is found to be inconvenient. It is greatly pre- 
ferable therefore to increase the calorimeter, and di- 
minish the intensity of the draught. 

151. Q. — You have mentioned the existence of the 
Bteam gauge, the vacuum gauge, the salt gauge, and the 
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indicator ; what other gauges or instruments are tliere for 
telling the state cir legulating the power, of nn engine ** 
A — Thee is the countei tor telhng the mimher 
of '■tiokps the engine tmkes and the djnamometer foi 
aacertninjng the tractne powei of steam vessels, oi 
locomotives then theie are the gauge cocks and glass 
tubes, or float'!, for telling the height of witer in the 
hoilei , and in pumping engines there is the Ciitarcict 
for regujatmg the speed of the engine The counttr 
consistii of i tram of wheel \soik so oonlrncd that by 
every stioke of the engine an indtx hind ib moied 
forward a certain apace, wheieb\ the niimhei of stioki a 
made by the engine in any given time is accuratdy 
recorded In most cases the motion is communicated 
by means of a detent, attached to some reciprocating 
part of the engine, to a rWchet wheel which gnes 
motion to the otl er wheels in its slow reiolulion but 
It IS preferable to derive the motion trom some re\olv 
iiig p'Ut of the engine by means of an endless scit-w, 
as where the ratchet is used the detent will somefimis 
fail to carry it round the pioper quanfitj In tlic 
counter contnved hy Mi Adie an endless scitw 
^orks into the rim of two smiU wheels situated on 
the same a\is, but one wheel having a tooth rnore 
than the other wheieb> a difierential motion is ob 
tamed , and the diffeience in the velocity of the tno 
wheels, or their motion upon one anothei, expresses 
the number of strokes performed The endless screw 
IS attached to some revohmg pait of the engine 
whereby a lotaij motion is imparted to it, md the 
wheels into which the screw works hang down from 
it hke a pendulum, and are kept stationary by the 
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steam in the boiler, a broken tube may be replaced 

witb facility. It is unsafe to trust to the glass gauges 

altogether, as a means of ascertaiaicg the water level, 

as sometimes they become choked, and it is necessary, 

thprefore to have giu." e cocks in addition ■ but if the 
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eluded gi'ound to the depth of the bottom of the cellar, 
&o that the bottom ot the cylinder may stand on a level 
with the natural ground of the place, or lower if con- 
I'enient ; for the les3 the height of the house above 
the gTound, the firmer it ivill be. The foundations of 
the walls must he laid at least tivo feet lower than the 
bottom of the cellar, unless the foundation be firm 
rook ; and care must be taken to leave a small drain 
into the pit quite through the lowest part of the 
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foundation of tlie lever wall, to let off any water that 
may be spilt in the engine house, or may naturally 
come into the cellar. If the foundalion at that depth 
does not prove good, you must either go down to a 
better, if in your reach, or make it good by a platform 
of wood or piles, or both. Within the house, low 
walls must be built to carry the cylinder beams, bo as 
to leave aufflcient room to come at the holding-down 
bfl dtl d ft! b m tal b 1 dg d 

1 w 11 Th 1 w 11 t b b It th h m t 
d-u Id rsbyiu whtl 

hm m ca b g t k th t tl Im 1 t 
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beams, holes must be left in the walls for their ends, 
with room to move them laterally, so that the cylinder 
may be got in ; and smaller holes nmst be left quite 
through the walls for the introduction of iron bars, 
which being firmly fastened to the cylinder beams at 
one end, and screwed at the other or outer end, will 
serve, by their going through both the front and back 
walls, to bind the house more firmly together. The 
spring beams or iron bars fastened to them, must reacb 
quite through the back wall, and be keyed or screwed 
up tight ; and they must be firmly fastened to the lever 
wall on each side, either by iron bars, firm pieces of 
wood, or long strong stones, reaching far back into the 
wall. They must also be bedded solidly, and the 
residue of the opening must be built up in the firmest 
manner. If there be no water in the neighborhood 
tliat can be employed for the purpose of condensation, 
it will be necessary to make a pond, dug in the earth, 
for the reception of the water delivered by the air 
pump, to the end that it may be cooled and used again 
for the engine. The pond may be 3 ft. or 4 ft. deep, 
and lined with turf, puddled, or otherwise made water 
tight. Throwing up the water into the air in the 
form of a jet to coo' it, has been found detrimental ; 
as the water is then cbarged with air which vitiates 
the vacuum. To pack the piston, take 60 common- 
sized white or nntarred rope-yarns, and with them 
plait a gasket or flat rope as close and firm as possible, 
tapering for 18 in. at each end, and long enough to go 
round the piston, and overlapped for that length ; coil 
this rope the thin way as hard as possible, and beat it 
with a. sledge hammer until its breadth answers the 
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place ; put it in, and beat it down with a wooden drift 
and a hand mallet ; pour some melted tallow all around ; 
then pack in a layer of white oakum half au inch thick, 
so that the whole packing may have the depth of 6 to 
6 inches, depending on the size of the engine ■ finally 
screw down th j k ing Th p k g h Id b 
beat solid, hut to 1 d tl t w 11 t so 

^eat a frictioi asitp tth ygg^th 
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peiidicular steam pipe any water which may be con- 
densed above it ; for if water remain upon the piston, 
it will increase the consumption of steam. When the 
engine is to be stopped, shut the injection valve and 
secure it, and adjust the tappets so as to prevent the 
exhausting valve from opening, and to allow the steam 
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into a iargercylmdei, whereit opeiateson thepiinciple 
of a condensing engine ; but there is no superioi 
effect gained by the use of two cylinders, and there is 
greater complexity in the apparatus. Instead of the 
lever waJls, cast-iron columns are now frequently used 
for supporting the main beam ; and the cylinder end 
of the main beam is generally made longer than the 
pump end, ao as to enable the cylinder to have a long 
stroke, and the piston to move quickly, ■without com- 
municating such a velocity to the pump buckets as 
will make them work with such a shock as to wear 
themselves out quickly. A high pressure of steam, 
too, can be employed where the stroke is long, without 
involving the necessity of making the working parts of 
such large dimensions as would otherwise be necessary ; 
for the strength of the parts of a single acting engine 
■nil! require to be rauch the same, whatever the lengtli 
of the stroke may be. The pump now univcr.sally 
preferred is the plunger pump, which admits of being 
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centre of the orifice the ^ahe i. intended to close. It 
is clear, that when the cylinder is pressed down until its 
edge rests upon the bottom of the box contdning it, the 
orifice of the pipe must be closed, as the steam can neither 
escape past the edge of the cylinder nor between the 
cylinder and the piston ; and it is equally clear, that 
as the pressure upon the cylinder is equal a]l ai-ound it, 
and the whole of the downward pressure is mmntained 
by the stationary piston, the cylinder can be rmsed or 
15* 
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lowered without any further exertion of force than U 
necessary to overcome the friction of the piston and of 
h d by h h th yl d d I t d of 
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lai^r Id diameter than the upper face, and the differ- 
ence constitutes an annulus of pressure, which will 
cause the valve to open or shut with the same force as 
a spindle valve of the area of the annulus. To deaden 
the shook still more effectually, the lower face of the 
valve is made to strike upon end wood driven into an 
annular e ess ' tl e pun p lu iet and 1 e. thus 
construct d wo k w th y 1 ttle no se o t erao but 
it is fo nd m pn tee that th s of Ha v and 
West's 1 o a ) c t n of ml k nd, 

adds mat^n Uy to the 1 id up n tl p p In s me 
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oases canvas valves similar to those referred to in 
page 68 are used for pumps with the effect of ma- 
terially mitigating the shook ; but they require frequent 
reneival, and are of inferior eligibility in their action 
to the side Talve, which might be applied to pumps 
without inconvenience. The centrifugal pump, how- 
ever, threatens to supersede pumps of every other 
kind ; and if the centrifugal pump be employed, there 
will be no necessity for pump valves at all. Indeed, 
it appears probable, that by working a common recip- 
rocating pump at a high speed, a continuous flow of 
water might be maintained through tlie pipes in such 
a way as to render the existence of any valves super- 
fluous. The best form of the centrifugal pump appears 
to be that m whicii the arms diverge from the bottom, 
like the letter V Such pumps both draw and force 
and by a^r^nglng them in a succession of lifts m the 
shalt of the mme, the w^ter tav, be drawn without in- 
convenience from any depth The introduction of 
the centritugal pump will obviously extinguish the 
single ictmg engine, as rotatne engines working at a 
high spcfcd will be the most appiopnate form of engine 
where the centrifugal pump i-. employed The single 
actmg engine, indeed, is a remnant of engineering bar- 
barism whicli must now be superseded by more com- 
pendious contrivances. The Cornish engines, though 
nidely manufactured, are very expensive in production, 
as a large engine does but little work; whereas, by 
employing a smaller engine, moving with a high speed, 
the dimensions may be so far diminished that the most 
refined machinery may be obtained at less than the 
present cost. It is a mistake to suppose that there is 
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any pecuKiu virtue in the exisiting form of CorniBh 
engine to make it economical in fuel, or that a less 
lethar^c engine would necessarily be less efficient. 
The large duty of the engines in Cornwall is traceable 
to the large employment of the principle of expansion, 
and to a few other causes which may he made of quite 
as decisive efficacy in smaller engines working with a 
quicker speed ; and tliere ia therefore no argument in 
the performance of the present engines against the pro- 
posed substitution. 

153. Q. — What description of rotative engine do 
you consider the best ? 

A. — The oscillating engine appears to me the best 
form of rotative engine yet introduced, and I would 
prefer it to any other in every case where a rotary 
motion ia required. For land purposes it is simpler 
and more compact than the common beam en^ne ; for 
steam vessels it appears to be preferable to the side 
lever engine, as well as to any of the other forms of 
direct action en^nes yet introduced ; and for locomo- 
tive its employment seems to promise the advantage 
of diminishing the mass of reciprocating material, 
whereby there will be less of the sinuous or oscillating 
motion, by which the safety of rmlway trains ia some- 
times endangered. The chief varieties of dnect action 
en^nes used for steam vessels, besides the oscillating 
engine, are, the Gorgon engine, with the connecting 
rod reaching from the top of the piston rod to the 
crank situated above it; the Steeple engine, with the 
connecting rod above the craiik ; find the Annular and 
Siamese engines of Maudslay. The Gorgon en^ne 
has the disadvantage of inconveniently raising the 
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shaft t« give room for the stroke, whereby a large 
paddle wheel becomes necessary ; and with a large 
wheel there must either be a great deal of slip, or the 
engines must work but slowly. The Steeple en^ne 
has the inconvenience of protruding a large portion of 
the machinery above the deck ; and the Annular and 
Siamese engines have peculiar complications, which 
render them inferior to the oscillating engine for eviiry 
purpose. Against the oscillating engine itself various 
objections have been brought at various times : — the 
cylinder, it was said, would become oval, the trunnion 
bearings would be liable to heat and the trunnion 
joints to leak, the strain upon the trunuiona would be 
apt to bend in or bend out the sides of the cylinder, 
and the circumstance of the cylinder being fixed across 
its centre, while the shaft requires to accommodate 
itself to the working of the ship, might be the occasion 
of such a strain upon the trunnions as would either 
break them or bend the piston rod. It is a sufficient 
reply to these objections to say that they are all hypo- 
thetical, and that none of them in pracljce have been 
found to exist — to such an extent at least as to occa- 
sion any inconvenience ; but it is not difficult to show 
that tlioy are altogether unsubstantial, even without a 
recourse to the disproofs afforded by experience. 
There is, no doubt, a tendency in oscillating engines 
for the cylinder and the stuffing-bos: to become oval, 
but after a number of years' wear it is found that the 
amount of ellipticity is less than what is found to 
exist in the cylinders Of side-lever engines after a 
similar trial. The resistance opposed by friction to 
the oscillation of the cylinder is so small, that a man 
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siats of an upper and lower frame of cast-iron, bcmd 
together by eight malleable iron coluians : upon the 
lower frame the pillow blocks rest which carry the 
cylinder trunnions, and the condenser and the bo^^tom 
frame are cast in the same piece. The upper frame 
supports the paddle shaft pillow blocks ; and pieces 
are bolted on in continuation of the upper frame to 
carry tlie paddle wheels, which are overhung from the 
journal. The web, or hase plate, of the lower frame 
is |- of an inch thick, and a cooming is carried all 
round the cylinder, leaving an opening of sufficient 
size to permit the necessary oscillation. The cross 
section of the upper frame is that of a hollow beam 
6 in. deep, and about 3j in. wide, with holes at the 
sides to take out the core ; and the thickness of the 
metal is J^^ths of an inch. Both the upper and the 
lower frame is cast in a single piece, with the ex- 
ception of the contihuations of the upper frame, 
which support the paddle wheels. An oval ring 
3 in. wide is formed in the upper frame, of sufficient 
size to permit the working of the air pump crank ; 
and from this ring feathers run to the ends of th« 
cross portions of the frame which support the in- 
termediate shaft joTimals. The columns are 1-J in 
in diameter ; they are provided with collars at tht 
lower ends, which rest upon bosses in the lowei 
frame, and with collars at the upper ends for support- 
ing the upper frame ; but the upper collars of two oi 
the comer columns are screwed on, so as to enable 
tJic columns to be drawn up when it is rec[uired to get 
the cylinders ont. The cross section of the bottom 
frame is also of the form of a hollow beam, 1 in. deep. 
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except in the region of the condenser where it is of 
coursB <jf a d ffere t toim the depth of the hf sa tor 
the leceptio of the tolumns is a 1 ttle more than " i 
deep on the lowei frame and a little more tha i 6 in 
deep on the upper frame and the hokh through them 
are so cored out ttat the columnb only heir at the 
upper dnd lower edges of the hole instead of ail 
througli it — a formation by whioh the titt ng of the 
columns i facilitated The condenwr wh :,h is ust 
upoi the lower frame consists of an o\al lesael 22j 
m wide bj 2 ft 4^- in long and 1 ft loj in deep 
it stands 9 n ahoie the upper face of the bottom 
frirae the rest p ojectmg beneath it and it is en 
laiged at the tides by being earned beneath the trun 
nions The air pump which is set in the cent e of 
tl e condensei is 15^ in in d ameter and h=is a &tr ke 
ol II in The f >ot %^lve is situated in the bottom of 
the air pump and :,oi si ts of a disc of brass m wl ch 
there is i lei-tangukr fl<ip valve but r unded oi one 
aide to the circle of the pump opening upwards and 
BO balanced as to enable the valve Ui open with fac I 
ity and the balance weight which is formed of 
b iss cast in the samt, piece as the valve itself oper 
ates as i, stjp hy coming into contact ■« th the disc 
whch constitutes the bottom of the pump whei the 
lalve hus opened sufii lently This disc is bolted 
to the bottom of the pump by means of an internal 
flange and before it can be removed the pump must 
be lifttd out of its place The air pump h'^riel i= 
of iTisa to which IS b Ited a cait ir n mouth piece 
w th a p rt t i,iiijing the water to the 1 ot w 11 
and mthn the hot well the dehveiy valie wl ch 
10 
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consists of a common flap valve, is situai«d. The 
mouth piece and the air pump barrel are made tight 
to the condenser, and to one another, by means of 
metallic joints carefully scraped to a true surface, so 
that a little whit* or red lead interposed, makes an 
air-tight joint. The air pump bucket is of brass, and 
the valve of the bucket is of the common pot-lid, or 
spindle kind. The injection water enters through a 
angle cock in front of the condenser, the jet striking 
against the barrel of the air pump ; the air pump rod 
is maintdned ia its vertical posiUon by means of 
gmdes, the lower ends of which are bolted to the 
mouth of the pump, and the upper to the oval in the 
top frame, within which the air pump crank works, 
and the motion is communicated from this crank to 
the pump rod by means of a short connecting rod. 
The lower frame is not set immediately below the top 
frame, but 2^ in. behind it, and the air pump and 
condenser are 2^ in. nearer one edge of the lower 
frame than the other. The thickness of the metal of 
the cylinder is ^^gths of an inch ; the depth of the 
belt of the cylinder is 9j in., and its greatest pro- 
jection from the cylinder is 2-^ in. The distance from 
the lower edge of the belt to the bottom of the cylin- 
der is 11^ in., and from the upper edge of the belt to 
the top flange of the cylinder is 9 in. The trunnions 
are 7-J- in, diameter in the bearings, and 3^ in. in 
width ; and the flanges to which the glands are at- 
tached for screwing in the trunnion packings are 1^ in. 
thicl, and have -Iths of an inch projection. The 
width of the packing space round the trunnions is 
|ths of an inch, and the diameter of the pipe pass- 
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be a little play sideways at the necks of the trunnions, 
so that the cylinder may be enabled to expand when 
heated, without throwing an undue strain upon the 
trunnion supports. Above and below each trunnion a 
feather or bracket runs from the edge of the belt be- 
tween 8 in. and 4 in. along the cylinder, for the sake 
of additional support ; and in large engines this feather 
is continued through the interior of the belt, and cru- 
ciform feathers are added for the sake of greater stiff- 
oess. The projection of the outer face of the trannion 
flange from the side of the cylinder is 65 in. ; the 
thickness of the flange round the mouth of the cyl- 
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indei IS J of an inch and its projection I'm tlie 
he [^ht ot the i,>lnder 'iluflino box aho\e the o^hndci 
(,)vci IS i-Jin and ts eUcrnal diamete 4| n - — ■ 
llip diametpr of the piston rod being 2j- in md the 
tl ii,kiiess of the stuffinst box flange is 1-J- in The 
length of the valve ciiing i& 16j-m and its projection 
from tbe cjlinder is 3 J in at the top 4 J in at the 
centre, and 2^ in at the bittom so that the hick of 
the valve casing is not made flat but is formed m a 
curve The width of the vahe casing is 9 m but 
there IS a portion the depth of the belt Ijin wider 
to permit the sleam to enter from the belt into the 
Lising The \ahe casing is attached to the cjhnder 
h) a metallic joint the width of the flange of this 
joint IS Ij-m the thickness of the flange on the casing 
\ in and the thicknesb of the flange on the cylinder 
|ths of an inch The valve is of the ordinary three 
ported desciipfion and both cylinder and vtlve faces 
ire of cast iron The projection from, the cjlinder of 
the passage loi carrjing the steam upwards and 
downwards from the vahe to the top ind bottom of 
the cjlinder is 2j in, and its width extemallv 8| in 
The piston i' packed with hemp but the junk ring is 
made of milleable uon as cast iron junk rings have 
bci,n found liable to break there are foui plugs 
'.crewed into the cj Imder cov er, which when re- 
mosed permit a box Ii.ey to be introdui^ed to screw 
djwn the piston pic,k ng= The &ciews m the junk 
ling are eich piovided ivitb a sniill ntchet cut in i 
ined washer upon the head to prevent the screw 
from tuimnT hick and the number ot dick'; giMn 
by th^ ratchets in tightening up the bolts enables 
16* 
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the engineer to know when they have all been tight- 
ened equally. The cap for attaching the piston rod 
to the crank pin is formed altogetlier of brass, which 
brass sen'es to form the benj-ing of the crank pin. 
The external diameter of the socket by which this 
cap is attached to the pistoc rod is 3^^ in. The di- 
ameter of the crank pin is 3 in., and the length of the 
crank pin bearing 3^ in. The thickness of the brass 
around the crank pin hearing is 1 in., and the Tipper 
portion of the hrasa is secured to the lower portion by 
means of lugs, which are of such a depth that the 
perpendicular section through the centre of the bear- 
ing has a square outline measuring 7 in. in the hori- 
zontal direction, 3|- in. from the centre of the pin to 
the level of the top of the lugs, and 2j in. from the 
centre of the pin to the level of tlie bottom of the 
lugs. The width of the lugs is 2 in., and the bolte 
passing through them are Ij- in. in diameter. The 
bolls aj-e tapped into the lower portion of the cap, and 
are fitted very accurately by scraping where they pass 
tl h th pp p t' as t t t d (. ' 

mp tgth fth kpmbe fm 
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air pump crink to the connecting rod bv wh ch the 
ar pump tod is moved but in tbts instance the dnm 
eter of the beinng is 5 in and the length of the 
beinng -about 8 m The thickness ot the bi iss en 
circhng the bearing is three fourths of an inch upon 
the edge and lyin in the cenfrp the hacli being 
sightly rounded the width oi the lugs is Ifm ^Td 
the depth of the lugs is 2 in upon the uppei br'i'i'i 
and 2 in upon the lower biass miking a total depth 
of 4 in The diameter of the bolts pTiSitig through 
the lugs IS 1 in and the bolts are tapped into the 
lower brass and iccmafeh fitted into the upper one 
so as to act is ^iteadv pus as in the pri,\ious instance 
The lower eje i f the Lonnectng rod is foiked so as 
to admit the eye of the air pump rod and the pm 
which connetts the two together is prolonged into a 
cross head the ends ot which move in the cuidea 
rii, foiled end of the connecting rod is fixed upon 
the cross head b\ means of i feather so th^t the i,ross 
Siead pai takes of the motion of the connecting rod 
and a cap aimiUr to that attached to the pistoi tod 
IS attached to the air puup rod for connecting it with 
the eiosB head The diametei of the an pump lod is 
I^ n the external diameter ot the socket enci cling 
the rod IS 2\ in and the depth of the '.ocket 4i in 
from t! e centie tf the cioss head The depth of the 
cutter for attaching the socket to the rod is 1 m., and 
its thickness -^-^ in. The breadth of the lugs is If in., 
the depth ll in., making a total depth of 2^ in, ; and 
the diameter of the bolts seven-eighths of an inch. 
The diameter of the cross head at the centre is 2 in., 
the thickness of each jaw around the bearing 1 in.. 
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and the breadth of each ^in. The diameter of the 
intermediate shaft journal is iy'j in., and of the paddle 
shaft journal 4^ in. ; the length of the journal in each 
case is 5 in. The diameter of the lai^e eye of the 
crank is '1 in., and the diameter of the hole through 
it is 4| in. ; the diameter of the small eye of the crank 
IS 5^ in., the diameter of the hole through it being 
3 in. The depth of the large eye is 4j in., and Df the 
small eye 3f- in. ; the breadth of the web is 4 in. at 
the shaft end, and 3 in. at the pin head, and the thick- 
ness of the web is 2| in. The width of the notch 
forming the crank in the intermediate shaft for work- 
ing; the ^r pump is Sj- in., and the width of each of 
the arms of this crank is 3^|- in. ; both the outer and 
inner ccimers of the crank are chamfered away, until 
the square part of the crank meets the round of the 
shaft. The method of securing the crank pins into 
the crank eyes of the intermediate shaft consists in the 
application of a nut to the end of each pin, where it 
passes through the eye, the projecting end of the pin 
being formed with a thread, upon which the nut is 
screwed. The eccentric strap is half an inch thick, 
and 1 J in. broad; and the flanges of the eccentric, 
within which the strap works, are each three-eighths 
of an inch thick. The eccentric is put on in two 
halves, joined in the diameter of largest eccentricity 
by means of a single bolt passing through lugs on the 
central eye, and the back balance is made in a sepa- 
rate piece five-eighths of an inch thick, and is attached 
by means of two bolts, which also help to bind the 
halves of the eccentric together. The eccentric rod 
J8 attached to the eccentric hoops by means of two 



:b, Google 



1 It p th gi 1 g p th d d t pp d 

qu-b pthhp dp f 

t gt 1 tbkesai tpdb 

1 f tti g th I to m k th 

d th ht 1 gtl Th t d IS k pt m 

J, b) th p 11 f m 11 h 1 d tt 1 d t 

1 bl d p d t tl wn fc f ^ 

h) m f tl d ry d g PP ' '"h h 

ts pp t th p e ui 1 

tl d t t 1 t t pp t 

t th t] f tl od Th p ddl h ft pi mm 

hi k It tl lb d f rm d ID 1 

t! m th p f th 1 t d ly 

th t tl 1 fl t aa d ry plum bl 1>. 

d fitt d b t P J t g 1 g t th f m 

t p t d m I th > fit d 

tl pi h tl pp b wll g lly 

q gddlfpl^f m m tfe. 

rh b 1 k d I k tl h 1 h gh 

t ly fitt d t t t d t pp p di th 

t h t k th b It y 1 g ct th 

ktsth 1 hhtlyp jdp tolt 

b fit mt h h Th t nn pi ra 
bl to, f m d th m ts tl h ft 

pi mm bl 1. t\ t k pt f t g 1- k 

by m f p h g w pas mg th ugh ta 

1 5 Q — W 11 J pi d t, 1 th nst t 

1 th 1 g h p rts f t pi 

to the oscillating engine ? 

j4.--The eccentric rod is attached by a pin, I in. in 
diameter, to an open curved link with a tail projecting 
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upwards and pissmg thiough an eie to guide the link 
m a (erlicil motion The hnk is formed of iron cise 
hiiidened and is 2^ in deep at the middle and 2| in 
dLep at the ends and I in bio^d The opening in 
the link which, eit«ndh nearlj its entire length la 
1^ in broad and into this opening a brass block 2 in 
long IS trulj fitted there being a hole through the 
block I in diameter tor the reception of the pm of 
the vahe shaft lever fhe valve shaft is If in di 
ameter at the end neit the lint or segment and 
dmunishes legulirly to the other end hut it assumes 
the form of an octagon m its passage round the cylin 
der measunng midway I J in deep by about J in 
thick and the greatest depth of the finger for moving 
the valve is about I in The depth of the lever for 
moving the ^alve shaft is 2 m at the broad and Ij m 
at the narrow end The internal bieadth of the mor 
tise in whii-h the \ahe finger moves la Ijg- m and 
its extern'il depth is 1^ in which leives three eighths 
of an inch as the thu-kness d1 metal round the hcSe 
and the bieadth meaaunng in the direction of the 
hole la I-i in The idlve rod la three fourths of an 
mch in diameter and the mortise is connected to the 
valie rod by a Hoctet 1 in long and l^- in diametei 
through which a small cutter passes A continuation 
of the rod eleven •sRtetnths of an inch diamelei 
passes iipwaid from the mortise iid works throujjh 
an eye which serves the puipo'-e ot a guide In 
addition to the guide ■iftoided to the segment by the 
ascend ng tdil it is guided at the ends upon the 
columns ot the fiamin^ by raeans of thin stm cnculor 
brasses 4 in deep paa^mg round the olumns and 
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^t(ao!led to the spfjment by tno |. m holts at each 
end passing (hiough pioji^ctcrig fLither*. uj <, i the 
brossea and segment thrcB eighths of an inch m thick- 
npas Thp curvftturi, of the segment is such as to 
correspond with (he arc swept from the centie of the 
trunnion with tht* distance from the centre of the 
trunnion to the centre ot tbi, \aJve lever pm when 
the \alve is at hall stroke as a radius and the oper- 
ation of the Hcgmeiit la to pieient the vilve from 
being affected by the oscillatiin of the cjlinder; but 
tht same action would be obtained by the emplojment 
ot i smaller e:,ccntiic with more lead In some en 
gini,s tht, hollow segment if not formed in a wngle 
pece but of two cuned bladts wth blocks mter- 
p sed It the ends wbieh may be filed down a little, 
t-> enable the wdes of the slot to be brought netiei, is 
(he metal weirs iwi> 

156 §— Whit kind of piddle wheel is supplied 
with li pse oscillating engines ' 

A — The wheels ire of the feathering kind 9 ft. 
** in in dnraetei measunng to the edges of the floats ; 
and there ire 10 floats upon eich wheel measuring 
4 ft 6 in long each and IfiJ' m bioad There aie 
t«o sets of aims to the wheel which converge to a 
isf lion CPiitie filmed Jike a short pipe with lai^e 
ihngef to whi"b the arms are affixed The diameter 
[ tl e shift where the centre is put on is 4J in., the 
external diameter of the pipe is 8 in and the diameter 
nt the flanges is 20 in and their thickness Ij- in. 
The flanges art, 12 m sunder at the outer ed^c, and 
the) partake ot the conierging ditection of the arms. 
The arms are 2\ m broad, and half an inch thick ; 
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the heads are mide conical ind e leh is aei,ured into 
a recess upon the side ot the flmge by meins of thre« 
bolts. The ring which conneits together the arms 
runs round at a d siince of 3 ft 6 in fiom the centre 
and the projecting ends of the arms are bent back 
wards the length of the lever which mo\e3 the floits 
and are made very wide and string at the point wheie 
they cross the ring to wh ch thej lie e ich attached 
hj tour nvets The fe^thenng action of the floats is 
ac omplished by means, of a pin tixcd to the interior 
of the piddle bo\ set 3 in in advince of the centre 
ot the shaft and in the same honzontal Ime This 
pin IS encircled by a cast iron collar to n hn,h rods 
are attached 1|- in diameter in the centre proceediig 
(o the leiers 1 in long faxed on the bacJ. of the floKs 
ill the line of the outer arms One of these lods 
ho»eier is formed of nearly the ••ime dimensions as 
one of the arms of the wheel and is called the dnMng 
arm as it causes the cast non coilai to turn round 
w th the lei lution of the Mheel and this collai by 
TOCii] s of Its attai,hments to the floats accomplishes 
the feathering action Phe eccentricity in this wheel 
IS not suflioient to keep the floats neaily in the \erti 
cal pos tion but this is of less consequence aa only 
one float is wholly immersed The diameter of the 
pins upon which the float turns is 1^ in and betneen 
thp pins and the paddle nng two stud rods are set bp 
tween each ot the p ojectin,, ends cf the arms so is 
t piP ent the tnc sets cf arms f m bri g for td 
neiiei or fu fher apait and thus prevent the tnda 
of the aima trnm h ndei ug the at,t on of the floats hv 
being occidentallj jammed upcn tl e side of the joints 



:b, Google 



tft 11 fl t f rm d f pi t« dtli 

wLl fthj dj tp irteld fmd 

f t 1 
157 Q — Will jou give the dimnsrns of Sfiup 
other oaodht ng engines ' 

A — In M &S1S Peuns BO bot>,e powei oscilhtmg 
engine the d ametei of the cylinder is 3 ft 4 in ^nd 
the Icngt! of the sttoke 3 ft The thi kne&s ot the 
metal of the cjlnder is 1 in aid the thickness of the 
C3liiider hottom is I-J in ciossed with feathers to give 
it idditional stiffness The diameter of the trunnion 
bearings ii 1 ft 2 in md the breadth of the trunnion 
beanngs 5^ in Mess-s Penn m their larger engines 
generally mike the aiei ot the steam trunnion less 
than that of tin. edu lion trunnion in the ptopordon 
of 32 to 31 and the dumeter of the eduction tiun 
nion IS reguldted by the mternal diameter of the educ 
tion pipe which is about one fifth of the diameter of 
the cylinder But a somewhat larger proportion thin 
this appears to he expedient Messrs Renn e mike 
the utea of their eduction pipes m iscillat ng eng uls 
■gljd of the area of (he cylinder In the oscillating 
engines, of the Oberon by Messis Kenme thecjlinder 
IS 61 m diimeter and IJ in thick above ind helow 
the belt hut in thp wake of the belt it is li m thick, 
wh th li ilbo tbt. thickness of metil of the belt itself 
The intpmal depth of the belt is 2 ft 6 in and it 
internal hreadth is 4 m The piston lod is Gj m in 
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diiimeter, and. the total depth, of the cylinder stuffing 
box is 2 ft. 4 in., of which 18 in. consists of a brass 
bush ; this depth of beaiing being employed to prevent 
the stuffing box or cylinder from wearing oval. It is 
expedient, in oscillating engines, to form the piston 
with a projecting rim round the edge above and be- 
low, and a corresponding recess in the cylinder cover 
and cyUnder bottom, whereby the breadth of bearing 
of the solid part of the metal will be increased, and 
in many engines this is now done. The diameter of 
cyUndera of the oscillating engines of the steamers 
Pottioger, Ripon, and Indus, by Miller and EavenhiU, 
is 76 in., and the length of the stroke is 1 ft. The 
thickness of the metal of the cylinder is l\^ in. ; di- 
ameter of the piston rod 8f in. ; total depth of cylinder 
stuffing box 3 ft. ; depth of bush in stuffing box 4 in, ; 
the rest of the depth, with the exception of the space 
for packing, hieing occupied with a very deep gland, 
bushed with brass. The internal diameter of the 
steam pipe is 13 in.; diiimeter of steam trunnion 
journal 25 in. ; diameter of eduction trunnion journal 
25 in. ; thickness of metal of tnmnions 2i in. ; length 
of trunnion bearings 11 in. ; projection of cylinder 
jacket, 8 in. ; depth of packing space in trunnions 
10 in.; width of packing space in trunnions, or space 
round the pipes, 1 J in. ; diameter o^ crank pin lOj in. ; 
length of bearing of crank pin loj in. Thero are six 
boilers on the tubular plan in each of these vessels ; 
the length of each boiler is 10 ft. 6 in., and tlie breiidth 
8 ft., and each boiler contiuns 62 tubes 3 in. in diam- 
eter, and 6 ft. 6 in. long, and two furnaces 6 ft. 4J in, 
long, and S ft. Ij in. broad. la all oscillating engme? 
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of anj' considerable size, the cover of the connecting 
brass, which attaches the crank pin to the coonecting 
rod, is formed of malleable iron ; and the socket also, 
which is cuttered to the end of the piston rod, is of 
niatleable iron, and is formed with a T head, through 
■which bolls pass up througli the brass, to keep the 
cover of the brass in its place. The packing of the 
trunnions, after being plaited as hard as possible, and 
out to the length to form one turn round the pipe, is 
dipped into boiling tallow, and is then compressed in 
a mould, consisting of two concentric cylinders, with 
a gland forced down into the annular space by three 
to six screws in the case of large diameters, and one 
central screw in. the case of small diameters. Unless 
the trunnion packings be well compressed, they will 
be likely to leak sdr, and it is therefore nece^ary to 
pay particular attention to this condition. It is also 
very important that the trunnions be accurately fitted 
into their brasses by scraping, so that there may not 
be the smallest amount of play left upon them ; for 
if any upward motion ia permitted, it will be impos- 
sible to prevent the trunnion packings from leaking. 

158. Q. — How do you set out the trunnions of os- 
cillating engines, so that they shall be at right angles 
with the interior of the cylinder ? 

A. — Having bored the cylinder, faced the flange, 
and bored out the hole through which the boring bar 
pasaei put a piece of wood across the mouth of the 
cvhndei, and jam it in, and put a similar piece in the 
hole through the bottom of the cvlmder. Miiik the 
centie of the cjhnder upon each of these pieces, and 
put into the hoie of each trunnion an iron plate, with 
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a small indentatioo. in the middle to receive the centre 
of a lathe, and adjusting screws to bring the centre 
into any required position. The cylinder must then 
be set in the lathe, and hung by the centi-es of the 
trunnions, and a straight edge must be put across the 
cylinder mouth and levelled, so as to pass through 
the line in which the centre of the cylinder lies. 
Another amilar straight edge, and similarly levelled, 
must be similarly placed across the cylinder bottom, 
so as to pass through the central line of the cylinder, 
and the cylinder is then to be turned round in the 
trunnion centres — the straight edges remaining sta- 
tionary, which will at once show whether the trunnions 
are ia the same horizontal plane as the centre of the 
cylinder, and if not, the screws of the plates in the 
trunnions must be adjusted, until the central point of 
the cylinder just comes to the straight edge, whichever 
end of the cylinder is presented. To ascertain whether 
the trunnions stand jn a transverse plane, parallel to 
the cjhnder flange, it is only necessary to measure 
down from the flange to each trunnion centre, and if 
both these conditions are satisfied, the position of the 
centres may be supposed to be right. The trunnion 
bearings are then turned, and are fitted into blocks of 
wood, in which they run while the paclting space s 
being luined out. Where many oscillating engines 
are made, a lathe with four centres is used, which 
makes the use of strmght edges in setting out the 
trunnions superfluous. 

159. Q. — Is it a beneficial practice to make cylin- 
ders with steam jackets ? 

A. — In Cornwall, where great attention is paid to 
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economy of fuel ill the tngmcs are mide with fcteani 
jicketa dtid in some cisea i flue winds spirally lound 
the cviindet foi keep ng the steam hot Mr Wattm 
his (, irly practice discarded the steam jacket for a, time 
but resumed it again as he found its dibcontmuanoj 
occasioned a peicepttble wa^te of fuel and in modetii 
engines jt has been found that where a jatiet is used 
le=s Loal IS consumed than where the use ot a jacket is 
rejected The cause of this diminished efiect is not of 
\eryeasy peiception for the jacket exposes a larger 
radiating aurfdce for the escape of the heat than the 
cjhnder nevertheless the fact has been estabh'-hed 
beyond doubt b} lepeated tnaU that engines proMded 
With a jacket, aie more economical than engnes with 
out one The e\tenor of the cjlmder oi jacket 
should be cov ered w th several plies of felt and then 
be ciaed m limbei the binrds which must he \ery 
narrow being first dtied m a stose and then bound 
rsund the ohnder with hoops like the stiie^ of a 
cask In many of the Cornish eng nes the steam it. let 
into casings formed in the cihnder cover and cylinder 
bottom lor the further economization of the heat and 
the cylindei stuffing box is made veiy deep and a 
hntern oi hollow brass is introduced into the centre 
ot the packing into which biass the steam gains ad 
mission bj a pipe piovided for the pujpoae so that in 
the eient of the picking hecominj, leaky it will be 
St im thit w 1] be leaked into the cjlnder in'^tead of 
^lr whul being incondensable would imp i the 
efhtiunc) of the engine A lantern bris of a simlar 
kind IS sometimes intiodu ed into the '.tuffing hrxes 
of oscilUting engines but its use theie la to receive 
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the lateral pressure of the piston rod, and thus take 
any str^n off the packing. 

160. Q. — Can you give a rule for determining the 
thickness of the cylinder and of the trunnion bearings 
in oscillating engines ? 

A. — In low pressure engines, whether osciHating 
or otherwise, the thickness of metal of the cylinder 
should be about j^tb of the diameter of the cylinder, 
which, with a pressure of steam of 20 lbs. above the 
atmosphere, will occasion a strtdn of only 400 lbs. per 
square inch of section of the, metal : the thickness of 
the metal of the trunnion bearing should be j^d of 
the diameter of the cylinder, and the breadth of tlie 
bearing should be about half its diameter. In high 
pressure en^nes the thickness of the cylinder should 
be about y^th its diameter, which, with a pressure of 
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of bricks and loam, which is clay atid sand ground to- 
gether in a mill, with the addition of a little torse 
dung to g^ve it a fibrous structure and prevent cracks. 
The loam board, by which the circle of the cylinder is 
to be swept, is attached to an upright iron bar, at the 
distance of the radius of the cyhnder , and a cjlindrical 
shell of brick is built up, whii-b is plastered on the in- 
side with loam, and made quite smoofh by traversing 
the perpendicular loam boatd round it A core is 
then formed in a similar manner but so much smaller 
as to leave a space between the shell jnd the core equal 
f« the thickness of the cylinder, and into this space the 
melted metal is poured. Whatever nozzles or pro- 
jections are required upon the cylinder must be formed 
by means of wooden patterns, which are built into the 
shell, and subsequently withdrawn ; but where a num- 
ber of cylinders of the same kind are required, it is ad- 
visable to make these patterns of iron, which will not 
be iiable to warp or twist while the loam is being 
dried. The general ambition in making cylinders is 
to make them sound and hard ; but it is expedient 
also to make them tough, so as to approach as nearly 
as possible to the state of malleable iron. This may 
be done by mixing in the furnace as many different 
kinds of iron as possible ; and it may be set down as a 
general rule in iron founding, that the greater the 
number of the kinds of metal entering into the compo- 
sition of any casting, the denser and tougher it will 
be. The constituent atoms of the different kinds of 
iron appear to he of different sizes, and the mixture of 
different kinds maintains the toughness, while it adds 
to the density and cohesive power. Hot blast-iron 
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was at one time generally believed to be weaker than 
cold blast-iron ; but it is now questioned wliether it 
is not the stronger of the two. The cohesive strength 
of unniised iron is not in proportion to its specific 
gravity, and ite elasticity and power to resist shocks 
appears to become greater as the specific gravity be- 
comes less. Nos. 3 and 4 are the strongest irons. In 
most cases, iron melted in a cupola is not so strong as 
when reinelted in an air furnace, and when run into 
green sajid it is not reckoned so strong as when run into 
dry sand, or loam. The quality of the fuel, and even 
the state of the weather, exerts an influence in the 
quality of the iron : smelting furnaces, on the cold 
blast principle, have long been known to yield better 
iron in winter than in summer, probably from the 
existence of less moisture in the air; and it would 
probably be found to accomplish an improvement in 
the quality of the iron if the blast were made to pass 
through a vessel containing muriate of lime, by which 
the moisture of the air would be extracted ; and the 
expense of such a preparation would not be consider 
able, as, by subsequent evaporation, the salt might bt 
used over and over again for the sitme purpose. Be- 
fore the iron is cast into the mould, the interior of the 
mldmtb dthfilypddh 1 
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d u 1 m d d the mould ihoroughJy dried, the 
c. t t b a fine one. Dry sand and loam 

Gc ITS I Id b IS much as possible, made in boxes ; 
tl n uld my hereby be more rapidly and more 

ff tu lly d d nd better castings will be got with a 
1 e p Tb next stage is the boring, and in 

b g )1 d rs f 4 in. diameter, the boring bar must 

n a t n k ne revolution in about 4^ minutes, 

at which speed the cutters will move at the rate of 
about 5 ft. per minute. In boring brass the speed must 
be slower ; the common rate at which the tool moves in 
boiing brass air pumps is about 3 ft. per minute. If 
this speed be materially exceeded the tool will be 
spoiled, and the pump made taper. The speed proper 
for boring a cylinder will answer for borbg the brass 
air pump of the same engine. A brass air pump of 
36^ in. diameter requires the bar to mate one turn in 
about three minutes, which is also the speed proper 
for a cylinder 60 in. in diameter. To bore a brass 
air pump SQ^ in. in diameter requires a week, an iron 
one requiies 48 hours, and a copper one 24 hours. 
In turning a malleable iron shaft 12f in. in diameter 
the shaft should make about five turns per minute, 
which is equivalent to a speed in the tool of about 16 
ft. per minute, A boring mill, of which the speed 
may be varied from one turn in sis minutes to twenty- 
five turns in one minute, will be suitable for all ordi- 
nary wants that can occur in practice. Messrs. Perni 
grind their cylinders after they are bored, by laying 
them on their side, and rubbing a piece of lead smeared 
with emery and oil, and with a cross iron handle 
like that of a rolling stone, backwards and forwards — 
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the cylinder being gradually turned round so as to sub- 
ject every part successively to the operation. The lead 
by which this grinding is accomplished is cast in the 
cyhnder, whereby it is formed of the right curve ; but 
the part of the cylinder in which it is cast should he 
previously heated by a hot iron, else the metal may be 
cracked by the sudden heat. In fixing a cylinder into 
the bonng rad! great care must be taken that it is not 
screwed down unequally ; and iudeed it will be impos- 
sible to bore a laige cylinder in a horizontal mill with- 
out hemg oval, unless the cylinder be carefully gauged 
when standmg on end, and be set up hy Screws when 
laid in the mill until it again assumes lis origmal form 
A laige cyhnder wdl inevitably bei,ome oval if laid 
upon its side , and it, while under the tension due to 
its own weight it be bored round, it will hec me oi \l 
atgma when set upon end If the bottom be cast in the 
cyhnder it will he probably found to he round it tne 
end and omI At the othei, unless a leitical boim^f mill 
bi, employed or the preeautiona heie suggested be 
adopted Nor is it only in the boiing ot the c>hnder 
that it IS rscessary to be careful that there is no change 
of figure ; for it will be impossible to face the valves 
truly in the case of liirge cylinders, unless the cylinder 
be placed on end, or internal props be introduced to 
prevent the collapse due to the cylinder's weight. 

162. Q. — Have you any thing further to add upon 
the subject of cylinders? 

A. — Nothing that may not be stated in a few 
words. Locomotive cylinders are generally made an 
inch longer than the stroke, or there is half an inch of 
clearance at each end of the cylinder, to permit the 
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Bpiings of the vehicle to act without causing the piston 
to strike the top or bottom of the cylinder The 
tl ickne'js of metal of the cyiindei ends is usuilh about 
1 tl ird more than the thii,ltness of the cylinder itself 
aid both end-* aie generally mad remosdble The 
opeiat oa jf ] nmmg 13 very injunous to the cyli iders 
aid \al\e3 ot loc moti\e e-ipeciaUy if the wd.ter be 
Biidy as the gnt oanied o\ei by the steam wear= 
the rubbing surficea rap dly away The f ice of the 
cylinder on wb ch the iihe woris is rained a ]ittle 
above the metal around it both to facilitate the opt,ia 
fion ot facing and with the view of enablng any 
f reign substance deposited on the face to be pushed 
aide by tht, \ dive into the less elevated part where it 
miy he without occasioning any further disturbance 
The vahe casing is sometimes cist upon the cylinder 
and it IS geneiallv covcied with a door which may be 
lemovcd to permit tie inspect on of the faces In 
some 1 Ive cafiings the to[ as well as the baol is re 
movible whii,h adniti of the iilve and val\e bridle 
being remoi ed h ith greitcr iicil ty A cock s placed 
at each end ol loc notiie cjlnders to allow the water 
to be disci arged which accumulate in the cyl ndei 
t om pnming or conde isation and the four i,ocks of 
the two cylinders aie usually connected together so 
thit by tuning a handle the whole are opened at 
once In Stephens ns engines honeier w th lainUe 
expan-iion there ii hut one cook provided for this pur 
pose wh ch IS on the bottom of the \ahe chest In 
all engines the valve ctsu^ if made in a sepiiite 
p ece from the cylinder "should be attached by means 
ot a metalhc joint as such a barfamim a a rust joint 
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in fcuch situation? is no longer peimi'isible la the 
case of lirga engines with lahe casings suitable for 
long slides an expansion joint m the valie cising 
should invar ably be inserted otherwise the stearo by 
gaming admission to tlie ><ihe casing before it nan 
eatei the cyhnder expands the casing while the cyl 
inder remains unaltered in its dimensions and the 
joints ire damaged and in soiae cases the cyl ndei is 
ctaoked by the gre^t stram thus mttoduced T! e 
chest of the blow through vahe is \ery commonly 
e^st upon the lahe oiMng and in engines wlieie the 
cylinders are stationirj this is the m»t cfnvenitnt 
practice All engines, where the val^e is not of such 
a construct on as to leiv« the fa«e when a pressnrp ex 
cetding that of the steim is created in the cjlmder bv 
pr raing 01 otherwise should be pio\idpd with an es 
ctpL \ live to let out the water and such valve should 
be so constructed that the water cannot fly out with 
violence o\ei the ittendants but it should le con 
ducted away by a smtable pipe to a place wheie its 
d scl irge can occasion no ncon^ en en e The atufling 
boxes of all eng nes whith cannot be st pp d fre 
quently to be repacked should be made ieij deep 
metallic packmg m the stuffing box has been used in 
some eng nes consistinff in most instances ot one or 
more rings cut sprung and slipped upfn the piston 
rod befote the cross bead is put on and picked w th 
hemp behmd This species of patking answers veiy 
well when the parallel mot on is true and the p ston 
rod free from scrati-hes and it aceompbshes a mateiial 
saving of (lOow In somi, cises a p s, Dt aheet brass 
packed behmd with hemp ha been intiodui-ed with 
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good effect, a flange being turned over on the under 
edge of the brass to prevent it from slipping up or 
down with the motion of the rod. The sheet briisa 
speedily puts an excellent polish upon the rod, and 
such a packing is more easily kept, and requires less 
tallow than where hemp alone is employed. la side 
lever engines the attachments of the cylinder to the 
diagonal slay are generally made of too small an area, 
and the flanges are made too thick. A very thick 
flange cast on any part of a cylinder endangers the 
soundness of the cylinder, by inducing an unequal 
contraction of the metal ; and it is a preferable course 
to make the flange for the attachment of the framing 
thin, and the surface hrgt — the bolts being turned 
boha and nicely iitted. If from malformation in this 
part the framing works to au inconvenient extent, the 
best expedient appears to be the introduction of a 
number of steel tapered bolts, the holes having been 
previously bored out ; and if the flanges he thick 
enough, square keys may also be introduced, half into 
one flange and half into the other, so as to receive the 
strain. If the jaw cracks or breaks away, ho« 
it will be best to apply a malleable iron hoop round 
the cylinder to take the strain, and this will in 
cases be the preferable expedient, where, from 
pe^.uiiaiities of structure, there is a difficulty in intro- 
ducing bolts and keys. 

163. Q. — Which is the most eligible species of pis- 

A. — For large engines, pistons with a metallic pack- 
ing, consisting of a single ring, with the ends mortised 
into one aaotber, and a piece of metal let in flush over 
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the joint and riveted to one end of tbe ring, appears to 
be the best species of piston ; and if the cylinder he 
oscillating, it will be expedient to chamfer off the upper 
edge of the ring on the inner side, and to pack it at the 
back with hemp. If the cylinder be a stationary one, 
springs may he substituted for the hemp packing ; but 
in any case it will he expedient to make the vertical 
joints of the ends of the ring run a little obliquely, so 
as to prevent the joint forming a ridge in the cylinder. 
For small pistons two rings may he employed, made 
somewhat eccentric internally to give a greater thick- 
ness of metai m the centre of the ring ; these rings 
must be set one above the other in the cylinder, and the 
joints, which are obhque, must be set at right angles 
with one another, so as to obviate any disposition of the 
rings in their espausion, to wear the cylinder oval. 
The rings must first be turned a little larger than the 
diameter of the cylinder, and a piece is then to be cut 
out, so that when the ends ai-e brought together the 
ring will just enter within the cylinder. The ring, while 
retained in a state of compression, is then to be put in 
the lathe and turned very truly, and finally, it is to be 
hammered on the inside with the small end of the ham- 
mer, to expand the metal, and thus increase the elasti- 
city. The rings are then to be fitted laterally to the 
piston, and to one another, by scraping — a steady pin 
being fixed upon the flange of the piston, and fitting 
into a corresponding hole in the lower ring, to keep the 
lower ring from turning round ; and a similar pin being 
fixed into the top edge of the lower ring to prevent the 
upper ring from turning round ; but the holes into 
which these pins fit must be made oblong, to enable the 
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rings to press outward as the rubbing- surfaces wear. 
In most cases it will be expedient to press the pacing 
rings out with springs where they are not packed behind 
wiLb hemp, and the springs should be made very strong, 
as the prevailing fault of springs is their weakness. 
Sometimes short bent springs, t ound at ^ul 
intervals between the packing ri ^ a d b dj of the 
piston, are employed, the centre f h p g b g 
secured by a steady pin or bolt d t I d 

of the piston; but it will not sig fj m h wh k d 
of spring is used, provided they h ffi t 

The piston rod, where it fits into th p t 1 Id h 
a good dea] of taper; for if the tsp b t m 11 h 
rod will be drawn through the ho! d th p ton w 11 
be split asunder. Small grooves a mm n d 

out of the piston rod above and b 1 w h ut 1 le 
and hemp is introduced in order to m k tl p ye 

tight. Mo-it piston rods are fixed to the piston by 
means of a gib and cutter, but in some cases the upper 
portion of the rod within the eye is screwed, and it is 
fised into the piston by means of an indented nut. This 
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position to split the nut. In side lever engines it is a 
judicious practice to add a nut to the top of the piston 
rod, in addition to the cutter for securing the piston rod 
to the cross head. In a good example of an engine thus 
provided, the piston rod is 7 in. in diameter, and the 
screw 5 in., the part of the rod which fits into the cross 
head eye is 1 ft. 5j in. long, and tapers from 6J in. to 
6^1 in. diameter. This proportion of taper is a good 
one; if the taper be less, oi it a poitioii of the piston 
rod within the cross head e\e be left untapered, as is 
sometimes the case, it is \eiy difficult to detach the 
parts from one another. When pistons ate made of a 
single ring, or of a succession of single rings, the 
strength of each ring should be tested previously to its 
introduction into the piston, by means of a lever loaded 
by a heavy weight. The old practice was to depend 
chiefly upon grinding as the means of making the rings 
tight upon tlie piston or upon one another ■ but scrap- 
ing is now chiefly relied on. Some makers howevei, 
finish their steam surfaces by grinding them with pow- 
dered Turkey-stone aud oil. A slight grinding or 
polishing, with powdered Turkey-stone and oil appears 
to be espedient in ordinary cases, and ma^ be conse- 
niently accomplished by setting the piston on a leiolv- 
ing table, and holding the ring stiitionary by a cross 
piece of wood while the table turns round. Pieces of 
wood may be interposed between the ring and the body 
of the piston, to keep the ring nearly in its right posi- 
tion, but these pieces of wood should be fitted so loosely 
as to give some side play, else the disposition would 
arise to wear the flange of the piston into a groove. 
Messrs. Penn's piston for oscillating engines has a single 
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packing ring, with a tongue piece, or mortise end, made 
in the manner already prescribed. The ring is packed 
behind with hemp packing, and the piece of metal 
which covers the joint is a piece of thick sheet copper, 
and is indented into the iron of the ring, so as to offer 
no oljstruction to the application of the hemp. The 
ring is fitted to the piston only on the under edge : the 
top edge is rounded to a point from the inside, and the 
junk-ring does not bear upon it, but the junk-ring 
squeezes down the hemp packing between the packing 
ring and the body of the piston. The variety of pistons 
employed in locomotives ia very great, and sometimes 
even the more complicated kinds are found W work very 
satisfactorily ; but, in general, those pistons which con- 
sist of a single ring and tongvie piece, or of two single 
rings set one above the other, so as to break joint, 
are preferable to those which consist of many pieces. 
In Stephenson's pistons the screws are liable to work 
slack, and the springs to break. The piston rods of all 
engines are now either case hardened very deeply, or are 
made of steel ; and in locomotive engines the diameter 
of the piston rod is about one-seventh of the diametor 
of the cylinder, and is formed of tiltod steel. The cone 
of the piston rod, by which it is attached to the piston, 
is turned the reverse way to that which is adopted in 
common engines, with the view of making the cutter 
more accessible from the bottom of the cylinder, which 
is made to come off like a door. The top of the piston 
rod is secured with a cutter into a socket with jaws, 
through the holes of which a cross head passes, which is 
embraced between the jaws by the small end of the con- 
necting rod, while the ends of the cross heads move in 
18* 
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guides. Between the piston rod clutch and the guide 
blocks, the feed pump rod joins the cross head in some 
engines. The guides are formed of steel plates attached 
to the framing, between which work the guide blocks, 
fixed on the ends of the cross head, which have flanges 
beai'ing against the inner edges of the guides. Steel or 
brass guides are better than iron ones. Stephenson and 
Hawthorn attach their guides at one end to a cross stay, 
at the other to h d d 

are made strong h dd d S 

guide rods ofst ffdb ftigb h 

ends of the cross hd dpbbb dpe 

to any other arr g I fS g bo m 

contain conical b p dd to 
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points. This operation is to be repeated frequently, 
and iis the work advances, the quantity of coloring 
matter is to be diminished, until finally it is spread 
over the face plate in a thin film, which only dims the 
brightness of the plate. The surfaces at this stage 
must be nibbed firmly together to make the points of 
contact visible, and the higher points will become 
slightly clouded, while the other parts are left more 
or less in shade. If too small a quantity of coloring 
matter be used at first, it will be difficult to form a 
just conceptioa of the general state of the surface, as 
the prominent points will alone be indicated ; whereas 
the use of a large quantity of coloring matter in the 
latter stages, would destroy the delicacy of the test 
the face plate affords. The scraping tool should be 
of the best steel, and should be carefully sharpened 
at short intervals on a Turkey-stone, so as to mtuntain 
a fine edge. A flat file bent, and sharpened at the 
end, makes an eligible scraper for the first stages ; 
and a three-cornered file, sharpened at all the comers, 
ia the best instrument for finishing the operation. The 
Duraber of bearing points which it is desirable to estab- 
lish on the surface of the work, depends on the use 
to which the surface is to be applied, but whether it 
is to be finished with great elaboration, or olberwise, 
the bearing points should be distiibuted equally over 
the surface. It has already been stated, that in the 
prepai-atiou of valve faces it is necessary to take into 
account the strain which the meial suffers from ifa 
own weight ; and, it may be added, that the change 
of figure consequent thereupon is not instantaneous, 
but becomes greater after some continuance of the 
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strain than it was at first ; so that in gauging a cylin- 
der to ascertain the difference of diameter when it 
is J)laced on its side, it should have lain some days 
upon its side to ensure the accuracy of the operation. 
Face plates, or planonieters, as they are sometimes 
termed, are supplied by most of the makers of en^- 
neering; tools : every factory should be abundantly 
supplied with them, and also with steel straight edges, 
and there should be a master face plate, and a master 
strdght edge, for the sole use of testing, from time to 
time, the accuracy of those in use. In fitting the 
faces of a D valve, great care must be taken that the 
valve be not made conioa2 : unless the back be exactly 
parallel with the face, it will be impossible to keep 
the packing from being rapidly cut away. When the 
valve is liud upon the face plate, the back must be 
made quite fair along the whole length, by draw filing, 
according to the indications of a straight edge ; and 
the distance from the face to the extreme height of 
the back, must be made identical at each extremity. 
Should a hole occur either in the valve, in the cylin- 
der, or any other part where the surface requires to 
be smooth, it may be plugged up with a piece of cast- 
iron, as nearly as possible of the same testure. Bore 
out the faulty part, and afterwards widen the hole 
with an e-.centric drill, so that it will be of the least 
diameter at the mouth. The hole may go more than 
half through the iron ; fit then a plug of cast-iron 
roughly by filing, and hammer it into the hole, where- 
by the plug will become riveted in it, and its surface 
may then be filed smooth. Square pieces may be let 
in after the same fashion, the hole being made dove- 
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tailed, and the pieces thus fitted will never come out. 
Brass faces ai-e put upon valves or cylinders by means 
of small brass screws, tapped into the iron with conical 
necks for the retention of the brass ; they aic screwed 
by means of a square head, which, when the screw is 
in its place, is cut off and filed smooth. In some cases 
the face is made of extra thickness, and a rim not so 
thick runs round it, forming a step or recess for the 
reception of brass rivets, the heads of which are clear 
of the face. Much trouble is experienced with every 
modification of valve face ; but cast-iron working upon 
oast-iron is, perhaps, the best combination yet intro- 
duced. A usual practice is to pin brass faces on the 
c}'linder, allowing the valve to retain its cast-iron 
face. Some makers employ brass valves, and others 
pin brass on the valves, leaving the cylinder with a 
cast-ivon face. Speculum metal and steel have beeu 
tried for the cylinder faces, but only with moderate 
success. In some cases the brass gets into ruts ; but 
the most prevalent affection is a degradation of the 
iron, owing to the action of the steam, and the face 
assuming a granular appearance, something like loaf 
sugar. This action shows itself only at particular 
spoK and chiefly about the angles of the port or valve 
face. At first the action is slow ; but when once the 
steam has worked a passage for itself, the cutting 
away becomes very rapid, and, in a short time, it will 
be impossible to prevent the engine from heating 
when stopped, owing to the leakage of steam through 
the valve into the condenser. Copper steam pipes 
seem to have some galvanic action on valve faces, and 
a pipes have sometimes been substituted ; 
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to tl at of U e exl iustjoa port, and ivhicli, by bearing 
stea tght ag oht ihe back of tbe casing, so tbat n 
acuum mij be ma iitained witbiti the ring, puts tbe 
valve n equi] br um so tbat it may be moved witb 
an neons de able e ercise of force. Tbe back of tbe 
vfll e ca ng IS p t on like a door, and its internal 
surface a mide ery true by scraping. Tbere is a 
hole througl the valve so as fo conduct away any 
steam vb b mav enter within tbe ring by leakage, 
and the r k pt tight against the back of the 

c s ng 1 y nea b of i ring situated beneath the bearing 
nng prov ded w tb four lugs, through which bolls 
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pass tapped into bosses on the bfick of the valve, and, 
by unscrewing these holts, which may be done by 
means of a box key which passes thiough holes in the 
casings closed with screwud plugs, the lower ring is 
raised upwards, carrying the healing ling before it. 
The rings must obviously be fitted over a boss upon 
the back of the valve ; and between the rings, which 
are of brass a gisket ring is interposed to compensate 
bj its compiessibdit} for any ir egulaulj of piessure 
and each of the bolts is p ovided with a ratchet collar 
to present it from turning back so thit the engineer 
in tightemng these bolts will ha,ie no difticulty in 
tightening them equally if he counts the numbet of 
clicks made by the ratchet Whete this species of 
valve (s used it is indiapensahle that large escape 
valves be applied to the cjhnder as i ^alve on this 
construction is unable to lejve the f ice 

166 Q — Will you de c ibe the configuration and 
mode of attachment of the eccentric by which the 
vaheism)\ed ' 

4 — In ma me engine* the eccentric la loose upon 
he hift for the purpo e of backing and is furnished 
nith a b ck balance and catches so that it miy stind 
either in the position for go n,^ ahead or in that for 
going astein The body of the eccentric is of uast 
lion and it is put on the shaft in two piei.ea The 
halies are put togethei with rebated joints to keep 
them from separating laterallj and they are pic^ented 
fiom shding out by riund steel pins each j^rouod into 
boih hihes square kejs would probably be prefer 
able to round pins in this arrangement, as the pins 
tend to wedge the jaws of the eccentric asunder. In 
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some cases the halves of the eccentric are bolted to- 
gether, by means of flHnges, which is, perhaps, the 
preferable practice. The eccentric hoop in marine 
and land engines is generally of brass ; it is expedient 
to cast an oil cup on the eccentric hoop, and where 
practicable, a pan should be placed beneath the eccen- 
tric for the reception of the oil droppings. The notch 
of the eccentric rod for the reception of the pin of the 
valve shaft is usually steeled, to prevent inconvenient 
wear ; for when the sides of the notch wear, the valve 
movement is not only disturbed but it is very difficult 
to throw the eccentric rod out of gear It is found 
to be preferable, however to fit Ihis notch with a 
brass bush, for the wear is then less rap d and it is 
ashgp bhh h 
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key The eccentnc, \ilien in two pieces, is retained 
at its proper angle on the shaft by a pinching screw, 
wliieh IS provided with a jam nut to prevent it from 
wotking loose A piece i* left out of the eccentric in 
casting it to allow of the screw being inserted, and 
the void is aftei-wards filled by inserting a dove-t^led 
piece of metal. Stephenson and Hawthorn leave 
holes in their eccentiios on each side of the central 
arm, and they apply pinching screws in each of these 
holes. The method of fixing the eccentiio to the 
shaft by a pinching screw is scarcely sufficiently sub- 
stantial, and cases are perpetually occurring, when 
this method of attachment is adopted, of eccentrics 
shifting from their place. In the Rouen engines with 
straight axles, the four eccentrics are cast in one 
piece. When the eccentric hoops are formed of mal- 
leable iron, one-half of the strap is forged with the 
rod, the other half being secured to it by bolts, nuts, 
and jam nuts. Pieces of brass are, in some cases, 
pinned within the malleable iron hoop, but it appears 
to be preferable to put brasses within tlie hoop to 
encircle the eccentric, as in the case of any other 
bearing. When brass straps are used, the lugs have 
generally nuts oa both sides, so that the length of the 
eccentric rod may be adjusted by their means to the 
proper length ; but it is better for the lugs of the hoops 
to abut against the necks of the screws, and if any 
adjustment be necessary from the wear of the straps, 
washers can be interposed. In some engines the ad- 
justment is effected by screwing the valve rod, and 
the cross head through which it passes has a nut on 
«ther side of it, by which its pMition upon the valve 
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rod is determined. Tlie forks of tlie eccentric rod are 
of steel ; the length of the eccentric rod is the distance 
between the centre of the crank axle, and the centre 
of the valve shaft. The valve lever in locomotives is 
usually longer than the eccentric lever to increase the 
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cacy to those which operate by the aid of i sejiarate 
valve. Gonzenbach's arrangement consists of an addi- 
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bona! slide valve and valvp casng phced on tlii bick 
of the ordinary slide valve casing and thiou^h this 
supplementary vtbe the steam must first pass This 
Bupplementai\ valve s vvDiked ly a double ended 
kver slotted ^t on& end tor the leception of a pra on 
the valve link the postion of which in the slot deter 
mines the throw of the supplLmcntary vah i, and the 
ujnsequertt degree of expansion The other end of 
the level is provided with a piu wh ch geiia into a 
noti,h on the backward ecoentiic rod when that rod 
IB not in gear with the steam valve By this arrange 
ment vvhile the =tLam valve receves as usud the 
mjtnnof the forwud eccentric the eitpinaion valve 
leLLivea the motion oi the reversing ei,i.entnc In 
the cxpansioE (,ear of Meyei the steam valve is a 
pi te perforated by two ports which are coveied by 
two blocks working upon tlie back of the valve and 
letiiied on a spndle which screws nto both blocks 
t it in oie with a nght handed screw and in the 
other with a Lft handed screw so thit bj tuning 
tlie spindle the distance between the blocks ma^ be 
incieaaed or diminished and the degree of e\pinsion 
ttlteied accordmgl} The amount ot expin&ion mxy 
dso be vaiied by means of a movable platt which by 
closing the port mire or less and wiie diawing the 
steam will accoraph'^h the imount of e\panaion which 
lb desired. 

Ili8. §. — What are the details of the air pump ? 

A. — The air pump bucket and valves are all of 
biiiss in all modern engines, and the chamber of the 
pump is lined with coppei', or made wholly of brass, 
ivhereby a single boring suffices. When a copper 
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lining is used, the pump is first bored out, and a bent 
sheet of copper is intraduced, which is made accu- 
rately to fill the place, by hammering the copper on 
the inside. Air pump rods of Muntz's metal or cop- 
per are much used. Iron rods covered with brass 
are generally wasted away where the bottom cone fits 
into the bucket-eye, and if the casing be at all porous 
the water will insinuate itself between the casing and 
the rod and eat away the iron. If iron rods covered 
with brass be used, the brass casing should come some 
distance into the bucket-eye; the cutter should be ol 
brass, and a brass washer should cover the under side 
of the eye, so as to defend the end of the rod from the 
salt water. Rods of Muntz's metal are probably on 
the, whole to be preferred. It is a good practice to 
put a nut on the top of the rod, to secure it more 
firmly in the cross head eye, where that plan can be 
conveniently adopted. The part of the rod which fits 
into the cross head eye, should have more taper when 
made of copper or brass, than when made of iron; as 
if the taper be small, the rod may get staved into the 
eye, whereby its detachment will he difficult. Me- 
tallir packing has in some iostances been employed 
in air pump buckets, but its success has not been 
such as to lead to its further adoption. A deep solid 
block of metal however, without any packing, has in 
a few instances been employed with a satisfactory 
result. Where ordinary packing is employed, the 
bucket should always be made with a junk ring, 
whereby the packing may be easily screwed down at 
any time with facility. The bucket valve is generally 
of the spindle or pot-lid kind, but butterfly I'alves are 
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sometimes iised. The foot and delivery valves are 
for the most part of the flap or hanging kind. These 
valves all make a considerable noise in worliing, and 
m*e objectionable in many ways. Valves on Belidor's 
construction, which is in effect that of a throttle valve 
hung off the centre, were some years ago proposed 
for the delivery and foot valves ; and it appears proba- 
ble that their operation would be more satisfactory 
than that of the valves iisually employed. Some de- 
livery valve seats are bolted into the mouth of the air 
pump, whereby access to the pump bucket is rendered 
difficult. If delivery valve seats be put in the mouth 
of the air pump at all, the best mode of fixing them 
appeai-s to be that adopted by Messrs. Maudday. The 
top of the pump barrel is made quite fwr across, and 
upon this flat surface a plate containing the delivery 
valve is set, there being a small ledge all round, to 
keep it steady. Between the bottom of the stuffing 
box of the pump cover and the eye of the valve seat a 
short pipe extends encircling the pump rod, its lower 
end checKed into the eye of the valve seat, and its 
upper end widening out to form the bottom of the 
stuffing box of the pump cover. Upon the top of this 
pipe some screws press, which are accessible from the 
top of the stuffing box gland, and the packing also 
aids in keeping down the pipe, the function of which 
is to retain the valve seat in its place. When the 
pump bucket has to be examined the valve seat may 
be slung witR the cover, so as to come up with 
the same purchase. For the bucket valves, Messrs. 
Maudslay employ two or more concentric ring valves, 
with a small lift. These valves have given a good 
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deal of trouble in some cases, ia consequence of the 
frequent fracture of t!ie bolts which guide and confine 
the rings ; but this is only a fault of detail, which is 
ea^ly remedied, and the principle appears to be supe- 
rior to that of any of the other air pump valves at 



169. Q. — What are the most important details of 
the construction of paddle wheels ? 

A. — The structure of the feathering wheel has al- 
ready been described in connectioa with a description 
of the oscillating engine ; and it will be expedient now 
to restrict any account of the details to the common 
radial paddle, as applied to ocean steamers. The best 
plan of making the paddle centres is with square eyes, 
and each centre should be secured in its place by means 
of eight thick keys. The shaft should be burred up 
against the heads of these keys with a chisel, so as to 
prevent the keys from coming back of their own ac- 
cord. If the keys are wanted to be driven back, this 
burr must be cut off; and if made thick, and of the 
right taper, they may then be started without difficulty. 
The shaft must of course he forged with square pro- 
jections on it, so as to be suitable for the appUcation 
of centres with square eyes. Messi^. Maudslay and 
Co. bore out their paddle centres, and turn a seat for 
them on the shaft, afterwards fixing them on the shaft 
with a single key. This plan is objectionable for the 
two reasons, that it Is insecure when new, and when 
old is irremovahle. The general practice among the 
London engineers is to fix the paddle arms at the 
centre to a plate by means of holts, a projection hang 
placed upon the plates on each side of the arm, to 
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prevent lateral motion ; but this method is inferior in 
durability to that adopted ia the Clyde, in which eiich 
arm ia fitted info a socket by means of a cutter, — ii 
small hole being left opposite to the end of each arm, 
whereby the arm may be forced back by a drift A 
prefei ible way would be to form the paddk centre out 
of the arms thi,msihes by widening ibem at the held 
until they touch one another and then ipph ng a 
holer plate upon one side and rveting the dim's 
himly to It If tluB p!in be adopted it will be ex 
pedient to swell the tcps ol the uuco\eied side it the 
pai t nearest the centre of the shaft In the manu 
fjctuie of this centie the heads of the arms w Duld 
fii-st be forged then pi iced on the edges and fitted 
together on the plate The holes would then be boiod 
foi the nveta tempord,ry bolts fitted into them and the 
key seits cut and the ends of the aims piled m the 
slotting m ichini Fmallj the arms would be welded 
on to the heads and the various piits of the wheel 
rj-eted togethei Some enginetrs jom the paddlearms 
to the outer nng by means of bolts but those bolts 
after a time generally become slack sideways, and a 
constant working of the p irts of the wheel goes on in 
consequence. Sometimes the part of the outer ring 
opposite the arm is formed into a mortise, and the arms 
nre wedged tight in these holes by wedges driven in on 
each side ; but the plan is an expensive one, and not 
satisfailory, as the wedges work loose even though 
riveted over at the point. The best mode of making a 
secure attachment of the arms te the ring, consists in 
making the arms with iong T heads, and riveting the 
eioEs piece to the outer ring with a number of rivets. 
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not of the largest size, which would weaken the outer 
ring too much. The best way of securing the inner 
rings to the arms is hy means of lugs welded on the 
arms, and to which the rings are riveted. The paddle 
floats are usually made either of elm or pine i if of the 
former, the common thickness for large sea-going 
vessels, is about 2^ inches ; if of the latter, 3 inches. 
The floats should have plates on both sides, else the 
paddle arms will be very liable to cut into the wood, 
and the iron of the arms will be very rapidly wasted. 
When the floats have been fresh put on they must be 
screwed up several times before they come to a bearing. 
If this be not done the bolts will be sure to get slack 
at sea, and all the floats on the weather side may be 
washed off. It is a good plan to give the thread of the 
paddle bolts a nick with a chisel, after the nut has been 
screwed up, which will prevent the nut from turning 
back. The floats should not be notched to allow of 
their projection beyond the outer ring, as if the sides 
of the notch be in contact with the outer ring, the 
ring is soon eaten away in that part, and the project- 
ing part of he float, being unsupported, is liable to be 
broken off. It is usual to put a steel plate at eacli 
end of the paddle shafts tightened with a key, to 
prevent end-play when the vessel rolls, but the arrange- 
ment is precarious and insufficient. Messrs. Maudslay 
make their paddle shaft bearings with very large fillets 
in the corner, with the view of diminishing the evil ; 
but it would be preferable, we conceive, to make the 
bearings of the crank shafts spheroidal ; and, indeed, 
it would probably be an improvement, if most of the 
bearings about the engine were to be made in the same 
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fashion. Tlie loose end of the crank pin should be 
made not spheroidal, hut consisting of a portion of a 
sphere ; and a brass bush might then be fitted into the 
crank eye, that would completely incase the ball of the 
pin, and yet permit the outer end of the paddle shaft 
to fa]l without strainmg the pin, the bush being at the 
same time susceptible of a shght end motion. The 
paddle shaft, where it passes through the vessel's side, 
is usually surrounded by a lead stuffing boi, which 
will yield if the end of the shaft falls ; this stuffing 
box prevents leakage into the ship from the paddle 
wheels ; but it is expedient, as a further precaution, 
to have a small tank on the ship's side immediately 
beneath the stuiSng box, with a pipe leading down to 
the bilge to catch and conduct away any water that 
rouy enter around the shaft. The bearing at the outer 
end of the paddle shaft is sometimes snpphed with 
tallow, forced into a hole in the plummer block cover, 
as in the case of water wheels ; but for vessels intended 
to perform long voyages, it is preferable to have a pipe 
leading down to the oil cup above the journal from the 
top of the paddle box, through which pipe oil may at 
any time be supplied. The bolts for holding on the 
pad fl t m. d t t ac t f tl 
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of ball valves, but they are more subject to derange- 
ment; but piston valves, so contrived as to shut a 
portJon of water in the cage when about to close, 
might be adopted with a great diminution of the 
shock. Slide valves might easily be applied, and 
would probably be found preferable to any of the ex- 
pedients at present in use. It would be a material 
impi'ovement if the feed pumps were to be seL in the 
tender, and worked by means of a small engine, suoh 
as that now used in steam vessels for feeding the 
boileis. The present action of the feed pumps of lo- 
comotives is precarious, as if the valves lealt in the 
slightest degree the steam or boiling water from the 
boiler will prevent the pumps from drawing. It ap- 
pears expedient, therefore, that the pumps should be 
far from the boiler, and should be set among the feed 
water, so that they will only have to force. If the 
pumps wei*e arranged in the manner suggested, the 
boiler could still be fed regularly, though the locomotive 
■was standing still ; but it would be prudent to have 
one pump still wiought in the usual way by the en- 
gine, in case of derangement of the other, ov in case 
the pump in the tender might freeze. The pipes con- 
necting the tender with the pumps should allow access 
to the valves and free motion to tlie engine and tender. 
Tliis end is attained by the use of ball and socket 
joints ; and, to allow some end play, one piece of the 
pipe slides into the other like a telescope, and is kept 
tight by means of a stuffing bos. Any pipe joint be- 
tween the engine and fender must be made in this 
fasliion. Tlie feed pipe of most locomotive engines 
enters the boiler near the bottom, and about the 
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topmost valve, which is loaded to a pressure consider- 
ably ibove the pleasure ot the steira md escape nito 
the hot well This arrannement is neater itid leis ex 
pensive than that of haimE; a separate loaded vahe en 
the steam pipe with an r^erflow through the ships 
side as is the moie usuil practice To enable the 
hoilerf. to be fed in steam vessels there la a separate 
purap provided distinct flora the ent,mes and whioh 
may be worked by men standing on the de(,k by means 
of appropriate handles and this pump in additirn to 
its tunction of replenishing the boilers, is used to wash 
the decks, or as a fire engine to quench accidental fire. 
For that purpose, a double acting feed pump of the 
pSimger kind is preferable to one which opente" by a 
pistoD. The air vessel of the pump should be furnished 
with an escape valve to pie^ent the pump fiom being 
split, should it be put in connection with thi engine 
\Yhen the cocks in the pipe leading to the boiler are 
closed, an accident which not unfrequently happens 
In this species of pump the application of a four way 
cock enables the pump to draw from the sea, from the 
boiler, or from the bilge, and the pump can deliver 
either into the boiler or upon deck. In most of the 
new vessels fitted with tubular boilers, small engines 
have been introduced to pump water into the boiler 
when the vessel stops under steam. Most of these 
engines are furnished with a crank and fly wheel ; 
but as there is no strain on the fly wheel shaft, the 
crank is connected to the piston rod by means of a 
horizontal slot. In some steam vessels floats have 
been introduced to regulate the feed, hut their action 
cannot be depended on in agitated water, if applied 
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after tbe common fasliion. Floats would prohahly 
answer if placed in a cylinder which coramuniiales 
willi the wat«r in the boiler by means of small iioks; 
and a disc of metal might be attached to the end of a 
rod extending; beneath the water level, so as to resist 
irregular movements from the motion of the ship, 
which would otherwise impair the action of the appa- 
ratus. The admission of feed water into the boiler is 
sometimes regulated by cocks, and sometimes by 
spindle valves raised and lowered by a screw. Cocks 
appear to its to be the preferable expedient, as they are 
less liable to accident or derangement than screw 
valves, and in modem steam vessels they are generally 
employed. The feed water is usually conducted from 
the feed cock to a point near the bottom of the boiler by 
means of an internal pipe, the object of this arrange- 
mnbe p h , mfn g 
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ture, whereby a saving of fue! is accomplished. In 
some cases the feed wat«r is introduced into a casing 
around the chimney, from whence it descends into the 
boiler. This plan appears to be an expedient one when 
the boiler is short of heating surface, and more than a 
usual quantity of heat ascends the chimney ; but in 
well-proportioned boilers a water casing round the 
chimney is superfluous. When a water casing is used 
the boiler is usually fed by a head of water, the feed 
water being forced up into a small tank, from whence 
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; into the boiler by the force of gravity 
while the surplus runt, to n ste as in the feeding ip 
paratus of land enginps The blow oft cocib of a 
boiler are generally pUced '■ me d'itance from the 
boiler, but it appears preferable that thtj should be 
placed quite close to t s tl ere are no means of shut- 
ting off the water f tl e pipe between the blow off 
cock and tie >oler should fracture oi leakage there 
arise. Eveiy boler muht be furnished wit! a How oft 
cock of its own ndej.e dentlj ff the imin blow off 
cocks on the si ps i>de so tb t tl e hoileia may be 
blown off separately, and may be shut off f om one 
another. The preferable ai -angtment appea s to be 
to cast upon each blow off cirk a bend for attaching 
the cock to the bottom of the boiler ind the plug 
should stand about an inch in advance (f the fiont of 
the boiler, so that it maj be removed or re ground 
with facility. The general anangement of the blow 
off pipes is to put a main blow off pipe beneath the 
floor plates, across the ship at the end ol the engines 
and into this pipe to lead a separate pipe furnished 
with a cock, from Laoh boiler Tl e main blow off 
pipe, where it penetrates the sh p s sides is fmnished 
with a cock; and in modern steam \essels Kmgstons 
valves are also used, which consist of a spindle or phte 
valve, fitted to the extenor of the ship so that if the 
internal pipe or cock bieais the external vahe will 
stifl be operative. Some expedient of this kind la 
almost necessary, as the blow off cocks lequne ccci 
sional re-giinding, and the s^a cock ca not he e 
ground without puttntr the vesael into do k ox fpt 
by the use of Kingston s valves o some cq i v leit 
20* 
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expedient. All the cocks about an engine should be 
provided with bottoms and stuffing boxes, and reliance 
should never be placed upon a single bolt passing 
through a bottom washer for keeping the plug in its 
place, in the case of any cock communicating with the 
boiler ; for a great strain is thrown upon that bolt if 
the pressure of the steam be high, and if the plug be 
made with much taper, and should the bolt break, or 
the threads strip, the plug will fly out, and persons 
standing near may be scalded to death. In large 
cocks, it appears the preferable plan to cast the bottoms 
in ; and the metal of which all the cocks about a 
marine en^ne are made, should be of the same quality 
as tbat used in the composifion of the brasses, and 
should be without lead, or other deteriorating material. 
In some cases the bottoms of cocks are burnt in with 
hard solder, but this method cannot ho depended upon, 
as the solder is softened and wasted away by the hot 
salt water, and in lime the bottom leaks, or is forced out. 
The stuffing bojt of cocks should be made of adequate 
d th a d th I d h uld b u' d by means of 
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be too liltk, the plug will he liable to jam, and a few 
times grinding will sink it so far through the shell that 
the water-ways will no longer correspond. One- 
eighth of an inch deviation from the perpendicular for 
every inch in height, is a common angle for the side 
of the cook, which corresponds with one quarter of an 
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inch difference of diameter in an inch of height ; hut 
perhaps a somewhat greater taper than this, or one- 
thh'd of an inch difference in diameter for every Jnch 
of height, is a preferable proportion. The bottom of 
the plug must be always kept a small distance above 
the bottom of the shell, and an adequate surface must 
be left above and below the water-way to prevent 
leakage. Cocks formed according to these directions 
will be found to operate satisfactorily in practice, 
while they will occasion perpetual trouble if there be 
any malformation. Gauge cocks are generally very 
inartificially made, and occasion needless annoyance. 
They are rai'ely made with bottoms, or with stufSng 
boxes, and are consequently, for the most part, 
adorned with stalactites of salt after a short period of 
service. The water discharged from them, too, from 
the want of a proper conduit, disfigures the front of 
the boiler, and adds to the corrosion in the ash pits. 
It would he preferable to combine the gauge cocks ap- 
pertaining to each boiler into a single upright tube, 
connected suitably with the boiler, and the water 
flowing from them could be directed downwards into a 
funnel tube communicating with the bilge. The cocks 
of the glass tubes, as well as of the gauge cocks, should 
be furnished with stuffing boxes and with bottoms, un- 
less the water enters through the bottom of the plug, 
which in gauge cocks is sometimes the case. The 
glass gauge tubes should always be fitted with a cock 
at each neck communicating with the boiler, so that 
the water and steam may be shut off if the tube breaks ; 
and the cocks should be so made as to admit of the 
tubes being blown through with steam to clear them, 
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as in muddf water thpy will become so soiled that (he 
witer cinnot be slbii The gau:;e co l"! fieqienth 
have pipes running up mthin the brile to th(, end 
tbat 1 h gh water le\el may be made cons stent with 
an easilj ncoessible position of the gaufje cods them 
selves With the glisa tubes howevei this species of 
arrangement is not possible and the glass tubes most 
alwajs be placed in the position of thp nater lei el 
The sea injection cocks are uauilly made m the same 
fashion as the sen blow off octs and of about the 
same size The mjpction water is generally admitted 
to the condenser bj means of a slide valve but i ct ck 
flpneirs to be prefeiable as it is more easily opened 
and has not any disposition to shut of its own accord 
The sea injection p pes should be put t) rough (he 
ships sides in advance of the paddles so Ihit the 
water diawn in miy not he mjuriouslj charged mitb 
air The waste water pipe passing fr m the hot well 
thiough the vessel s side is provided intli a stop vahe 
cnlltd the diichw^e \al\e which is iiauillj iinie of 
the spmdle kind so is to open when the w iiei commg 
fiom the air pump presses agiinst it In -ome cases 
this vahe is a slmce valve but the hot wel! is then 
•almost sure (0 be split if the engine be set on vviihout 
the vahe having been opened The opening of the 
waste water pipe should always be above the lo'id 
water line as it will otherwise be difficult to pruent 
leitnge through the engine into the ship when the 
vessel IS Sying m harbor Whete the prpi,'- pieice the 
ship's side, they should be made tight, as follows: — 
Tlie hole being cut, a short piece of lead pipe, with a 
broad flange at one end, should be fltt«d into it, the 
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to be pUarded againat after this precaution, i3 to pie 
vent leakage into the ship. To accompllsli this object, 
let the pipe which it is desired to attach be put through 
the leaden hause, and let the space between the pipe 
and the lead be packed with gasket and white lead, to 
which a Uttle olive oil bsis been added. The pipe 
must have a flange upon it to close the hole in the 
ship's side ; the packing must then be driven in from 
the outside, and be kept in by means of a gland 
secured with bolts passieg through the ship's side. 
If the pipe is below the water line, the gland must be 
of brass ; but for the waste water pipe, a cast-iron 
gland will answer. This method of securing pipes 
penetrating the side, however, though the best for 
wooden vessels, will, it is clear, fail to apply to iron 
ones. In the case of iron vessels, it appears to be the 
best practice to attach a short iron nozzle, projecting 
inwards, to the skin, for the attachment of every pipe 
below the water line, as the copper or brass would 
waste the iron of the skin if the attachment were made 
iu the usual way. Marine boilere are now generally 
BuppUed with stop valves, whereby one boiler may be 
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thrown out of use witliout impairing the efficacy of 
the lemaindei These stop valves ai'e usually spindle 
vaKe"! of hrge size, aad they are for the most part set 
in A pipe which runs across the steam chests, connect- 
ing the several boilers together. The spindles of these 
valves should project through stuffing boxes in the 
covers of tlie valve chests, and they should be balanced 
hy a weighted lever, and kept in continual action by 
the steam. If the valves be lifted up, and be suffered 
to remain up, as is the usual practice, tUcy will become 
fixed by corrosion in that position, and it will be im- 
possible after some time to shut them on an emer- 
gency. These valves should always be easily acces- 
sible from the engine room ; and it ought not to be 
necessary for the coal boxes to be empty to gain access 
to them. The pipes of marine engines should always 
be made of copper. Cast-iron blow-off pipes have in 
some cases been employed, but they are liable to frac- 
ture, and are dangerous. Every pipe passing through 
the ship's side, and every pipe fixed at both ends, and 
liable to be heated and cooled, should be furnished 
with a faucet or expansive joint; and in the case of 
east-iion pipes, the part of the pipe fitting into the 
faucet should be turned. Id the distribution of the 
faucets of the pipes exposed to pressure, care must be 
taken that they be so placed, that the pai-ts of the pipe 
cannot be forced asunder by the strain, as serious ac- 
cidents have occurred from the n^lect of this precau- 
tion. In locomotives, the admission of the steam from 
the boiler to the cylinders is regulated by a valve called 
the regulator, which is generally placed immediately 
above tiie internal fire box, and is connected with two 
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copper pipes ; one conducting steam from the highest 
point of the dome down to it ; and the other conduct- 
ing the steam that lias passed through it a!ong the 
boiler to the upper part of the smoke bon. Regulators 
may be divided into two sorts, viz. those with sliding 
valves and steam ports, and those with conical valves 
and seats, of which the latter kind are the best. The 
former kind have for the most part consisted of a 
circular valve and face, with radial apertures, the valve 
resemhling the outstretched wings of a butterfly, and 
being made to revolve on its central pivot by con- 
necting links between its outer edges, or by its central 
spindle. In some of Stephensoa's engines with varia- 
ble expansion gear, the regulator consists of a slide 
valve covering a port on the top of the valve chests. 
A rod passes from this valve through the smoke box 
below the boiler, and hy means of a lever parallel to 
the starting lever, is brought Tip to the engineer's 
reach. Cooks were at first used as regulators, but 
were given up i% they were found liable to stick fast. 
A gndiron slide valve has been used hy Stephenson, 
■which consists of a perlorated squiie moving upon a 
fa:,e with an equal number of holes This plan of a 
vahe gives with a smoU mo\ement, a large area of 
op(,ning In Bury's engines a sort of conical plug is 
usi-d, which IS ivithdiawn by turning the handle in 
front of the fire box i spiral gioove of very large 
pitch is made in the ^alve spindle m which fits a pin 
fixed to the boiler, and hy turning Ihe spindle an end 
motion is given to it, which either shuts or opens the 
steam passage according to the direction in which it is 
turned. The best regulator would probably be a valve 
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of the equilibrium desciiptiou, such as is used in the 
Cornish enj^ne : tliere would be no friction in such a 
regulator, and it could be opened or shut witii a small 
amount of force. 

171. Q. — Wil! yon enumerate the most interesting 
details which occur to you in connection with the 
structure of locomotives? 

A. — All locomotives are now made with the framing 
which supports tbe machinery atuated within the 
wheels ; but for some years a vehement controversy 
was mmntained respecting the relative merits of outside 
and inside framing, which has terminated however in 
the universal adoption of the inside framing. A similar 
diversity of opinion obtfuns at present as to the relative 
meiits of outside and inside cylinders the outside 
ojlindeiTs being so designated when plu,ed upon the 
outaide of tbe framing with then cmnecting rods 
opetating upon pins in the dnsing wheels while the 
inside cjhndei-s are situated within the framing and 
the coanpcting rods attach themeeUes to cianks in the 
diiving i\]e The i,hief objection to outside ejhnde re 
la thJt they occasion a sinuous motun in the engine 
which 1= apt to send the train off the rails, buf this 
action miy be mide less perceptible or be remedied 
dltigether by settintc the crank pins nearly in the 
simc line mstead of at nght angles or by placing a 
weight upon one «ide of the wheels the momtntiim ot 
which will just balance the momentum of the pist-on 
and its connections The *im«ous or locltng motion of 
loo inrti>ea i*! tiaceible to the uicsted mon ntnm of 
the piston and its attachments at every stioke of the 
engine, and the effect of the pressure thus created will 
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be more operative in inducing osciHatiou the farttex it 
is exerted from, the central hne of the engine. If both 
cylinders were set at right angles in the centre of the 
carriage, and the pistons were both attached to a 
central crank, there would he no oscillation produced; 
or the same effect would be realized by placing one 
cylir.der in the centre of the carriage, and two at the 
sides — the pistons of the side cylinders moving simul- 
taneously ; but it is impossible to couple the piston of 
an upright cylinder direct to the asle of a locomotive, 
without causing the springs to work up and down 
with every stroke of the engine ; and the use of three 
cylinders, though adopted in some of Stephenson's 
later engines, involves too much complication to be a 
beneficial innovation. It is difficult, in engines in- 
tended for the narrow gauge, to get cylinders within 
the framing of suflScient diameter to meet the exi- 
gencies of railway locomotion ; by casting both cyl- 
inders in a piece, however, a considerable amount of 
room may he made available to increase their diameters. 
It is very desirable that the cylindei-s of locomotives 
should be as large as possible, so that expansion may 
be adopted to a large extent ; and with any ^ven 
speed of piston, the power of an engine either to draw 
heavy loads, or achieve high velocities, will he increased 
with every increase of the dimensions of the cylinder. 
The framing of locomotives, to which the boiler and 
machinery are attached, and which rests upon the 
springs situated above the axles, is formed generally 
of malleable iron, but in some engines the side frames 
consist of oak with iron plates liveted on each side. 
The guard plates are in these cases generally of equal 
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length, the frames l>eing 'un^d upwaids to pa's over 
the dming ixle Hard ca'tt iion blocks aie ruetcd 
between tht, giiard plates to aene is ^ides for thn 
a\le bushes The side frames are connecled acioss at 
the ends and cross stajs are introduced beneath the 
boilei to stiffen the fr\me sideways and pievent the 
ends tf the connecting or eccentric ruds tiom fa lin^ 
down if they should be broken The spnngs are of 
the ordraaiy carnage kind with plates connected at 
the centre and allowed t> slide on each other at then 
ends The upper plate terminates in two eyes thi ouifh 
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passed. Between the engine and tender, however, 
imifera should always be interposed, ns their pressure 
contributes greatly to prevent oscillation and other 
irregular motions of the engine. In most engines a 
bar is strongly attached to the front of the carriage on 
each side, and projects perpendicularly downwards to 
within a short distance of the rail, to clear away stones 
or other obstructions that might occasion accidents if 
the engine ran over them. The axles bear only against 
the top of the axle boxes, which are generally of brass, 
but a plate extends underneath the bearing, to prevent 
sand from being thrown up on it. The upper part of 
the box in most engines has a reservoir of oil, which 
is supplied to the journal by tubes with siphon wicks. 
Stephenson uses cast-iron axle boxes with brasses, 
and grease instead of oil ; and the grease is fed upon 
the journal by the heat of the bearing melting it, 
whereby it is made to flow down througli a hole in 
the brass. Any engines constructed with outside 
bearings have inside bearings also, which are sup- 
ported by longitudinal bars, which serve also in some 
cases to support the piston guides ; these bearings are 
sometimes made so as not to touch the shafts unless 
they break. The wheels of a locomotive are always 
made of malleable iron. The driving wheels are made 
krge to increase the speed ; the bearing wheels also 
are easier on the road when large. In the goods 
engines the driving wheels are smaller than in the 
passenger engines, and are generally coupled together. 
Wheels are made with much variety in their con- 
structive details ; sometimes they are made with cast- 
iron naves, with the spokes and rim of wrought-iron ; 
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but in the best modern wheels, the nave is formed of 
the t;nds of the spokes welded together at the centre. 
When csist-iron naves are adopted, the spokes are 
forged out of flat bars with T formed heads, and are 
arranged radially in the founders' mould, the cast-iron, 
when fluid, being poured among them. The ends of 
the T beads aye then welded tf^ether to constitute the 
periphery of the wheel or inner lire ; and httle wedge- 
form pieces are inserted where there is any deficiency 
of iron. In some cases the arras are hollow, though 
of wrought-iron ; the tire of wroiight-iron, and the 
nave of cast-iron ; and the spokes are turned where 
they are fitted into the nave, and are secured in their 
sockets by means of cutters. Hawthorn makes his 
wheels with cast-iron naves and wrought-iron rims 
and arms ; but instead of welding the arms together, 
he makes palms on their outer end, which are attached 
by rivets to the rim. These rivets, however, unless very 
carefully formed, are apt to work loose ; and it would 
probably be found an improvement if the palms were 
to be slightly indented into the rim, in cases in whicli 
the palms do not meet each other at the ends. "When 
the rim is turned it is ready for the tire, which is now 
made of steel. The materials for wheel tires are first 
swaged separately, and then welded tc^ether under the 
heavy hammer at the steel works ; after winch they 
are bent to the circle, welded, and turned to certain 
gauges. The tire is now heated to redness in a circular 
furnace ; during the time it is getting hot, the iron 
wheel, turned to the right diameter, is bolted down 
upon a face-plate or surface ; the tire espands with 
the heat, and when at a cherry red, it is dropped over 
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the wheel, for which it was previously too small, and 
it is also iiastily bolted down to the surface plate ; the 
whole mass is then quickly immersed by a swing crane 
in a tank of water five feet deep, and hauled up and 
down till nearly cold ; the tires are not aftenvards 
tempered. It is not indispensa'ble that the whole tire 
should be of steel ; but a dove-tail groove, turned out 
of the tire at the place where it bears most on the rail, 
and fitted with a band of steel, will suffice. This band 
may be put in in pieces, and the expedient appears to 
be the best way of repairing a worn tire ; but par- 
ticular care must be t^en to attach these pieces very 
securely to the tire by rivets, else in the rapid revo- 
lution of the wheel the steel may be thrown out by 
the centrifugal force. In aid of such attachment the 
steel after being introduced is well hammered, which 
expands it sideways, until it fills the dove-tail groove. 
The tire is attached to the rim with rivets having 
counter-sunk heads, and the wheel is then fixed on its 
axle. The tiie is turned somewhat conical, to facilitate 
the passage of the engine around curves, — the diameter 
of the outer wheel being virtually increased by the 
centrifugal force of the engine, and that of the inner 
wheel being correspondingly diminished, whereby the 
curve is passed without the resistance which would 
otherwise arise from the inequality of the spaces passed 
over by wheels of the same diameter fixed upon the 
same axle. The rails, moreover, are not set quite up- 
right, but are slightly inclined inwards, in consequence 
of which the wheels must he either conical or slightly 
dislied, to bear fairly upon the rails. One benefit of in- 
clining the riuls in this way, and coning the tires, is that 
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the flange of the wheels is less liable to bear against 
the sides of the rail, and with the same view the 
flanges of all the wheels are made with large fillets in 
the corners. Wheels have been placed loose upon the 
asle, but they have less stability, and are not now 
much used. Much controversial ingenuity has been 
expended upon the question of the relative merits of 
the four and sis wheeled engines; one party main- 
taining that four-wbeeled engines are most unsafe, and 
the other that six-wheeled engines are unmechanical, 
and are more likely to occasion accidents. The four- 
wheeled engines, however, appear to have been ciurged 
with faults that do not really attach to them when 
properly constructed ; for it by no means follows that 
if the axle of a four-wheeled engine breaks, or even 
altogether comes away, that the engine must fall down 
or run off the line ; inasmuch as, if the engine be 
properly coupled with the tender, it has the tender to 
sustain it. It is obvious enough, that such a con- 
nection may be made between the tender and the en- 
^ne, that either the fore or hind axle of the engine 
may be taken away, and yet the engine will not fall 
down, but will be kept up by the support which the 
tender affords ; and the arguments hitherto paraded 
against the four-wheeled engines are, so far as regards 
the question of safety, nothing more than ai'guments 
agmnst the existence of the suggested connection. It 
is no doubt the fact, that locomotive engines are now 
becoming too heavy to be capable of being borne 
on four wheels at high speeds without injury fo the 
rails; but the objection of damage to the rails applies 
with at least equal force to most of the six-wheeled 
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engines hitherto constructed, as in those engines the 
engineer has the power of putting nearly all the 
weight upon the driving wheels ; and if the rail he 
wet or greasy, there is a great temptation to increase 
the bite of those wheels by screwing them down more 
firmly upon the rails. A greater strain is thus thrown 
upon the rail than can exist in the case of any equally 
heavy four-wheeled eng^e ; and the engine is made 
very unsafe, as a pitching motion will inevitably be 
induced at high speeds, when an engine is thus poised 
upon the central driving wheels, and there will also 
be more of the rocking or sinuous motion. Ste; ' 
son makes his driving wheels without flanges, to fa- 
cilitate the passage of the engine around curves ; and 
if six-wheeled engines he made at all, it appears 
pedient to construct them in that manner ; but 
stead of making enormously heavy six-wheeled en- 
gines, it appears the preferable alternative to use four- 
wheeled engines of a moderate weight, and to apply 
a sufficient number of them to a train, to enable 
to reach the required velocity. To this arrangeme 
there is no doubt the objection, that the expense of 
the propelling power is greater, as a small engine 
requires a driver and stoker for itself as well as a 
large engine ; but hy making the tender double, with 
one engine before it and another behind it, a single 
driver and a single stoker would sufBce for the two 
ea^nes. The starting handles of both engines might 
be brought to the middle of the tender, so that the 
engines might be started simultaneously, and be 
made to act in this respect like a single engine. This 
arrangement appears to me to be greatly preferable 
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to that of making heavy six-wheeled en^nes, as the 
rail will be preserved from the injurious effects of 
excessive weight, and there will be less loss of power 
in contracting the blast pipe, when the fire and flue 
surface is increased by the addition of another engine. 
Tenders are now made larger than heretofore to ob- 
viate the necesaty of so many coke and water stations ; 
they should have glass windows all round them to 
shield the engine driver, and enable him duiing the 
worst winds and rains to keep a steady look out. 
Tenders may be put on any number of wheels, so that 
inconvenience is not likely to arise from their size and 
weight. The cranked axle of locomotives is always 
made of w rough t-iron, with two cranks forged upon it 
towards the middle of its length, at a distance from 
each other answerable to the distance between the 
cylinders. Bosses are made on the axle for the 
wheels to be keyed upon, and bearings for the support 
of the framing. The axle is usually forged in two 
pieces, which are afterwards welded together. Some- 
times the pieces for the cranks are put on separately, 
but the cranks so made are liable to give way. In 
engines with outside cylinders the asles are made 
straight — the crank pins being inserted in the naves 
of the wheels. The bearings to which the conncctiug 
rods are attached are made with very large fillets in 
the comers, so as to strengthen the axle in that part, 
and to obviate side play in the connecting rod. In 
engines which have been in use for some time, how- 
ever, there is generally a good deal of end play in the 
bearings of the axles themselves, and this slackness 
contributes to make the oscillation of the engine more 
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violent; but this evil may be remedied by making the 
bearings Spheroidal, whereby end play becomes im- 
possible, III every kind of locomotive it is very de- 
sirable that the length of the connecting rod should 
remiun invariable, in spite of the wear of the brasses ; 
for theie is a danger of the piston striking against the 
cover of the cylinder if it be shortened, as the clearance 
is left as small as possible in order to economize steam. 
In some engines the strap encircling the crank pin is 
fixed immovably to the connecting rod by dove-tailed 
keys, and a bolt passes through the keys, rod, and 
strap, to prevent the dove-tail keys from working out. 
The brass is tightened by a gib and cutter, which is 
kept fiom working Ioosb by three pinching screws and 
a cross pm oi ctittei through the point Tht eftect of 
this anangement 'is to lengthen the rod but at the 
cross head end cf the rod the elongition 11 neutralized 
by making the stiap loose so that, in tightening the 
biass the rod la shortened by an amount eijuil to its 
elongation it the crank pm end The tightening heie 
is also effei-ted by a gib and cutter which is kept from 
working Ic 3«e by two pmching screws pressing on the 
side of the cutter Both journals of the connecting 
rod aie furnished with od cups having a small lube m 
the centre with siflion wick' He Lonncotmg rod is 
a thick flit bir with its edges tounded 

172 <?— Will lou etplain m what manni,r the 
joints ol an engine are made ' 

A. — Rust joints are not now much used n ei ^mLs 
of any kind yet if is necessxry that the engineer shtuld 
he auquamt^^d with the mannei jf their fcrmUion 
One ounce of sal ammomac in powdet is mingled 
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with 18 ounces, or a pound, of borings of cast-iron, 
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173. Q. — Wai you esplmn the method of case-hard- 
ening the parts of engines ? 

A. — The most common plan for case-hardening 
consists in the insertion of the articles to be operated 
upon among horn or leather cuttings, bone dust, or 
animal charcoal, in an iron bos provided with a tight 
lid, which is. then put into a furnace for a period an- 
swerable to the depth of steel required. In some cases 
the plan pursued by the gunsmith may bo employed 



He*, b, Google 



THE BTEAM ENGINE. 251 

With pcn^pnip (.e Tie irt 1 is insert d n d, sh.>«t 
uo!i ciae amid bone du t often not burned the hd of 
the box 1' tied on ivith. w le and thp joint lutpd with 
clay the box is heated to redness ts q iickly is pos 
siWp and kept hilf in hour it a mifo m heat its con 
tents ire then suddenly immer&ed m. cold watei The 
more unwieldy poitions of an engine may he ciae 
hardened by pru^siate of potash — a salt made fiom 
animal substances cjmposed ef two atoms Dt carbon 
and one of nitrogen and ■nhich opeiates on the same 
pnni-iple is the claicoil The iron is heated in the 
fire to a dull red hcit and the salt la eithei spr nkled 
upon it or ruhhed on m a lump or the non la ruhhpd 
m the silt m powdei The jion la then returned to 
the file foi a few mmiites and finilly immersed m 
water By some persons the salt is supposed to act 
unequally is if theie weie greiay spots upon the nun 
■Hliioh tho silt refused to tiuch and the efiect under 
any circumstances is eiCPt,dmgly superhual never 
theless upon all paifs not exposed to weai a suflicient 
coating of steel maj be obtained by this process In 
the malleabl w k f p has long 

been used, d d d p f 11 t th r kinds; 

but if the p rt t b as h d d now the 

usual pract th ua f 
hended, as t Im t u I 
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proportions between the extremes of hfty parts of Kinc 
and fifty parts copper, and thirty-seven zinc and sixty- 
three copper, will roll and work at a red heat, but forty 
zinc to sixty copper are the proportions preferred. 
Bell metal, such as is used for large beJls, consists of 
4 J oz. to 5 oz. of tin to the pound of copper ; speculum 
metal consists of from 1^ oz. to 8j oz. of tin to the 
pound of copper ; tough brass for engine work, 1^ lb. 
tin, 1^ lb. zinc, and 10 lbs. copper ; brass for heavy 
bearings, 2^ oz. tin, ^ oz. zinc, and 1 lb. copper. There 
is a great difference in the length of time brasses wear, 
as made by different manufacturers ; but the difference 
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and It !■- fhen fit for use This metal wears for a 
longt,r time than oidinaiy gun metal and its use is 
attended ivitii very little friction It the bearing 
htats however from the stopping of the oi! hole or 
otherwise the metal wdl be melted out A m tallit 
grease, contmning particles ot tin m the state of an im 
palpable powder would prohahlj bt pnterablp t) the 
Im ng of raetdl just desoiibed 

175 Q — Have you anj mt rmation to oflei iclit le 
to the lubrication of en^fme beinn^i " 

A-~~-\. Tt,rj useful species of oil cup is now em 
ployed 111 a number of steam vessels and ■nhicb it 
IS said accomphfihes a considerable saving ot oil at 
the same time that it more effectually lubricates the 
beannga A ratchet wheel is fixed upoa a littk shaft 
which pi&sea through the aide ot the oil cup and is 
put into slow revolution by a pendulum attiched to 
its outside, ind in revolving it lilts up little bucltPts 
of oil and empties them down ^ funnel upon thecentie 
of the beaiing Insteid of buck-ts a few short pn-ces 
ot wiie are sometimes hung on the internal revohing 
wheel the drips of oil which adheie on rising from 
the hqmd bein^ deposited upon a high pirt set upon 
the funnel and whii-h in their revolution the hang 
mg wires touch By this plan however, the oil is 
not well supplied at slow speeds as the drops iall 
befo e the wirts are in the proper position fot tending 
the journal Another luhncafoi (.onsiais of a cock oi 
plug inserted in the ntt-k ot the oil cup and set m 
resolution by a pendulum and ritchct wheel or any 
othei means fh re is i smill cavilj in one side of 
the plug which is filled with ol whtn that side is 
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uppermost, and delivers t!ie oil througii tlie bottom 
pipe when it comes opposite to it. In some cases 
bean ga heit from the ex stence of a crrn-if rm gtoo e 
on the top hraii for the dist ihut on ot the o 1 the effect 
of which i' to lei e the top of the hearings dij In 
the case of revohmg journals the plan of c itting a 
o-uciform channel for the distnbution of he od does 
not do much damage but m other case as m heam 
joumil for mstance it la most i jun u a d th 
brassei cinnot weai well wheiever th plm pu 
sued The tight way is to make *i h iz tal ro 
along the brass where it meets the upp u t f 
the beanng so that the oil raaj he w 11 d p t d n 
the highest p rat of the jo irnal ha, n th f f 

gravity to send it downwarda. Thi I n I h uld 
of course, stop abort a small distance f m h fl g 
of the brass ; otherwise the oil would n n ut at tl nd 

176 Q — Will you expbiin the operation ot erecting 
enginea in the workshop ' 

A — In beginning the erectun of side lever manne 
engines in the noikshop the first step is tole^el thu 
bed plate lengthwajs and acros'! and stnke a lini, up 
the centre as near as possible in the middlp which 
indent with a chisel in various pla^ea ao that it may 
at any tune be eaailv found again Strike another line 
at right angks with thia either iit the cylinder or 
crank centre by raising a perpendicular m the usual 
minner Liy the other sole plate alongside at the 
right distance and stnke a hne at Uie cylinder oi 
crank cntre of it alai shifting eithet sole pUte a little 
pndn 1} s until the'ie two transversf lines come into 
tie ifime line which m&\ be aacertained by applying 
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tli'it ha\i, to be dpilt with It vnW be proper, how- 
eier to de^oiLbe the method p« '^ued in erecting oscil- 
lating eiigiDcs The columns here are of wi-ought- 
iron and in the case of small engines there is a 
temphte made of wood and sheet iron, in which the 
holes are set in the piopei positions by which the 
uppei' and lower frames are adjusted ; but in tbe case 
of large engines, the holes are set off by means of tram- 
mels. The holes for the reception of the columns are 
oast in the frames, and ai-e recessed out internally : the 
bosses encircling the holes are made quite level across, 
and made very true with a face plate, and the pillars 
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s easy to find the perpendicular 
distance from the cylinder flange to the plane of the 
jnain centre, merely by putting a straight edge along 
level, from the position of Ihe main ountre to the 
22* 



f th 


P 


d tl 


h 1 


f th 


I 


h t d by 


ra f 


f ht 


"o 


th 


t d 
I 


I fi 


g •'' 1 
t PI 


wy 1 


b 


wtb tl 


th 


t f th 


Pl 


f tl 


m m 


tl 


w 


1 1 g 


f 


ssh ad 


th If t 


and from thence it is 



, l.ioo*^lc 



a58 

cylinder and mLisuniig fiom the cylinder flange down 
to it laising oi lowenng the sti light edge until it 
lests at tliL propel miiasuiempiit Thi, nidin ceatic i& 
in tint plane ind the fore and aft position is to lie 
ftund by plumbing up liom the centie line on the 
soli- plate io find the paddk shift centre plumb up 
Irom the centre hne marked oa the edge of the sole 
plate and on this hne lay off from the plane ol the 
main centie the 1 ngth ot the connecting lod if th it 
length be already fixed or otherwise the htight fixed 
in the dnwmg ot the paddle shatt above the main 
ctntre lo b\ the centie for the parallel motion 
shall nhin thi, parallel bars aie connei,ted with tlie 
cioss head, lay off upon the plam of main cintre the 
length of the parillcl bar from the centie of the 
cylinder, dedutt the length of the radius ciank and 
plumb up the centril hne of motion shall hj oft on 
this hne measuring fiom the pline ot main centre (he 
length of the side lod this gnes the centre of parallel 
motion shaft when the radius bars join the cross head, 
as is the preferable practice where parallel motions 
are used. The length of the connecting rod is the 
distance from the centre of the beam when level, or 
the plane of the main centre, to the centre of the 
paddle shaft. The length of the side rods is the dis- 
tance from the centre line of the beam when level, 
to the centre of. the cross head when the piston is at 
half stroke. The length of the radius rods of the par- 
allel motion is the distance from the point of attachment 
on the cross head or side rod, when the piston is at half 
stroke, to the extremity of the radius crank, when 
the crank is horizontal ; or in engines with the parallel 
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motJon attached to the cross bead, it is the distance 
from the centre of the pin of the radius crank when 
horizontal to the centre of the cyhnder. Having fixed 
the centre of the parallel motion shiift in the manner 
just described, it only remains to put the parts to- 
gether when the motion is attached to the cross head ; 
but wheQ the motion is attached to the side rod, the 
end of the parallel bar must not move in a perpen- 
dicular line, but in an arc, the versed sine of which 
bears the same ratio to that of the side lever, that the 
distance from the top of the side rod to the point of 
attachment bears to the total length of the side rod. 
The parallel motion when put in its place should be 
tested by raising and lowering the piston by means of 
the crane : first, set the beams level, and shift in or 
out the motion shaft plummer blocks or bearings, 
until the piston rod is upright. Then move the piston 
to the two extremes of its motion ; if at both ends the 
cross head is thrown too mucli out, the stud in the 
beam to which the motion side rod is attached is too 
far out, and must be shifted nearer to the main centre ; 
if at the extremities the cross head is thrown too far 
in, the stud in the beam is not out far enough. If the 
cross head be thrown in at the one end, and out equally 
at the other, the fault is in the motion side rod, which 
must be lengthened or shortened to remedy the defect. 

117. Q. — Will you explain how the slide valve of 
an engine is set 1 

A. — Place the crank in the position corresponding 
to the end of the stroke, which can easily be done in 
the shop with a level or plumb line ; but in a steam 
vessel another method becomes necessary. Draw the 
transverse centre line, answering to the centre line of 
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the crank shaft, on the sole plate of the engine, or on 
the cyhnder mouth if the engine be direct action ; de- 
scribe a circle of the diameter of the cranl( pin upon 
the large eye of the crank, and mark off on either side 
of the transverse centre line a distance equal to the 
semidiamctei of the crank pin. From the poin; thus 
found stietch a line to the edge of the circle described 
jn the laige eye of the crank, and bring round the 
crank bhalt till the crank pin touches the stri^tched 
Lne , the ciank may thus be set at either end of its 
stroke. When the crank is thus placed at the end of 
the stroke, the valve must be adjusted so as to have the 
amount of lead, or opening on the steam side, which it 
intended to five at the beginning of the eti'oke ■ the 
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and the lead ; the points in. which this parallel intersects 
the circle of the eccentric are the positions of the 
forward and backward eccentrics. Through these 
points draw radial lines from the centre of the circle, 
and mark the intersections of these lines with the circle 
of the crank shaft; measure with a pair of compasses 
the chord of the arc intercepted between either of these 
intersections and the diameter which is at right angles 
with the crank ; and the diameters being first marked 
on the shaft itself, it will follow that by transferring 
with the compasses the distance found in the diagram, 
and marking the point, the position of the eccentric 
will be fixed without difficulty. 

178. Q, — Will you explain the method of putting 
engines into a steam vessel ? 

A. — As an illustration of this operation it may be 
advisable to take the case of a side lever engine, and 
the method of proceeding is as follows : — First mea- 
sure across from the inside of paddle bearers to the 
centre of the ship, to make sure that the central line, 
running in a fore and aft direction on the deck or 
beams, usually drawn by the carpenter, is really in 
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will be directly hcloiv the sliaft. To this line the line 
of th<! shaft marked on the sole plate has to be brought, 
Ciire being taken, at the same time, that the ligbt dis- 
tance is preserved between the fore and aft line upon 
the sole plate, and the fore and aft line upon the central 
keelson. Before any part of the machinery is put in, 
the keelsons should be dubbed fair and straight, and be 
looked out of winding by means of two straight edges. 
The art of placing engines in a ship is more a piece of 
plain common sense than any other feat in engineering, 
and every man of intelligenoe may easily settle a 
method of procedure for himself Plumb lines and 
spirit levels, it is obvious, eannot be employed on 
board a vessel, and the problem consists in so placing 
the sole plates, without these aids, that the paddle 
shaft will not stand awry across the vessel, nor be car- 
ried forwai-d beyond its place by the framing shoul- 
dering up more than was expected. As a plumb line 
cannot be used, recourse must be had to a square ; and 
it will signify nothing at whit angle with the deck the 
kcel-iona run so long as the line of the shaft aeioss 
the keelsons is squared down from the shaft centie 
The '.ole plates bemg &\e\ there is no difficulty m 
s ftiig the other pwts cf the engine in tl en proper 
phces up n them Ihe piddle wheels must bt hung 
ft m the top of the paddle boi fo emble the shilt 
to be rote through them and the cross stavs be 
tween the engines 'ihiuld be fixed m when the vessel 
Is afloat. To tij whethei the shalts aie in a line, tma 
the paddle wheels, and try if the distance between the 
cranks is the same at the upper and under end, and the 
two horizontal centres ; if not, move the end of the 
paddle shaft up or down, backwards or forwards, until 

i.".ooglc 



the distance between the cranks at all tlie foui centres 
is the same. 

179. Q. — la what manner are the engines of a 
steam-vessel secured to the hull ? 

A. — The engines of a steamer are secured to the 
hull by means of bolts called holding-down bolts ; aad 
in most steam-vessels a good deal of trouble is caused 
by these bolts, which are generally made of iron. 
Sometimes they go through the bottom of the ship, 
and at other times they merely go through the keel- 
son, — a recess being made in the floor or timbers to 
admit of the introduction of a nut. The iron, how- 
ever, wears rapidly away in both cases, even though 
the bolts are tinned; and it has been found the pre- 
ferable metliod to make such of the bolts as pass 
through the bottom, or enter the bilge, of Muntz's 
metal, or of copper. In a side lever engine, four 
Muntz's metal bolts may be put through the bottom 
at the crank end of the framing of each engine, four 
more at the main centre, and four more at the cyl- 
inder, making twelve through -bolts to eaeh engine; 
and it is more convenient to make these bolts with a 
nut at each end, as in that case the bolts may be 
diopped down from the inside, and the necessity is 
obviated of putting the vessel on very high blocks in 
tlie dock, in order to give room to put the bolts up 
fiom the bottom. The remainder of the holding- 
down bolts may be of iron, and may, by means of a 
square neck, be screwed into the timber of the keel- 
sons as wood screws — the upper part being furnished 
with a nut which may be screwed down upon the soJe 
plafe, so soon as the wood screw portion is in its 
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pedient ; and there ChP engine has. merely to be secured 
to the imn plate of the keelsons, which are made hol- 
low, to admit of a moie effectual attachment. 

180. Q. — What aie the most important of the points 
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fully watched, so that the engines may he stopped if 
the crack is extending further. Should fracture occur, 
the first thing obviously to he done is to throw the 
engines out of gear, and should there be much weigh 
on the vessel, the steam should at once be thrown on 
the reverse side of the piston, so as to counteract the 
pressure of the paddle wheel. 

181. Q. — What are the chief duties of the engine 
driver of 3 locomotive ? 

A — The engineer of a locomotive should constantly 
be upon the foot-board of the engine, so that the regu- 
litor tht whistle, or the reversing handle may be used 
instanti) , if necessary ; ho must see that the level of 
the water in the boiler is duly maintdncd, and that 
the steam is kept at a uniform pressure. In feeding 
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the boilers witl b 

good deal of ca m 

laiity in the p od 

priming, even g 

uniform level ; d 

occasion primi fi is 

obrioiis dange T gi g 

with three gaug te m 

out of the seoo g m 

one when the e g 

is at rest the ra 

when n mot o g 

the water v 11 g ig 

middle gauge uI be fi 

with water on approach ng a stat n as tl is 1 

steam to spare, and add o al wate can b 

veniently supplied when tl e e g e s at.! a-} Th 

furnace should be fed with small quantities of fuel at 

A time, and the feed should be turned off just before a 

fi-esh supply of fuel is introduced. The regulator may, 

at the same time, be partially clused ; f»nd, if the blast 

pipe be a variable one, it will be expedient to open it 

widely while the fuel is being introduced, to chock the 

rush of air in through the furnace door, and then to 

contract it very much so soon as the furnace door is 

closed, in order to recover the fire quickly. The propei 

thickness of coke upon the grate depends upon the 

intensiiy of the draught : but in heavily loaded engines 

it is usually kept up to the bottom of the fire door. 

Care, however, must be taken that the coke does not 

reach up to tho bottom row of tubes so as to choke 

tkcm up. The fuel is usually disposed on the grate 
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like a vault ; and if the fire box be a square one, it is 
heaped high in the comers, the better to maintain the 
combustion. In starting from a station, and also in 
as ending inclined planes, the feed water is geneially 
shut off ; and tlierefore, before stopping or iiscending 
inclined places, the boiler should be well filled up with 
water. In descending inclined planes an extra supply 
of water may be introduced into the boiler, and the 
fire may be fed, as thei-e is at such times a superfluity 
of steam. In descending inclined planes the regulator 
must be partially closed, and it shoidd be entirely 
closed if the plane be very steep. The same precaution 
should be observed in the case of curves, or rougU 
places on the line, and in passing over points or 
crossings. To ascertain whether the pumps are acting 
well, the pet cock, which is a small cock opening into 
the pump, must be turned, and if any of the valves 
stick they will sometimes be induced to act again by 
woiking with the pet cock open, or alteniately oper, 
and shut. Should the defect arise from a leakage of 
steam into the pump, which prevents the pump from 
dmwing, the pet cock remedies the evil by permitting 
the steam to escape. Should priming occur from the 
water in the boiler being dirty, a portion of it may be 
blown out ; and should there be much boiling down 
through the glass-gauge lube, the stop cock may be 
partially closed. The water should be wholly blown 
out of locomotive hosiers three times a week, and at 
those times two mud hole doors at opposite corneis of 
the boiler should be opened, and the boiler be washed 
internally by means of a hose. On approaching a 
staliou the regulator sliould be gradually closed, and it 
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ehould be completely shut about lialf a mile from the 
station — if the train be a yery heavy one ; tbe train 
may then be brought to rest by means of the breaks. 
Too much reliance, however, ro'iJ't not be put upon 
the breaks, as they sometimes give way, and in frosty 
weather are nearly inoperative. In oases of urgency 
the steam may be thrown upon the reverse side of tlie 
piston, but it is desii'able to obviate this necessity as 
far as po'^'.ible At terminal stations the steam should 
he shut off earlier than at roadside stations, as a col- 
lision will take place at terminal stations if the train 
overshoots the place whero it ought to stop. There 
should always be a good supply of water when the 
engine stops , but the fire may be suffered graiiually to 
burn low towaidsthe< onolusionof the journey So soon 
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THE STEAM ENGIND, 273 

exist, the weight upon the dri\-ing wlieels should be 
diminished. The priictice of blowing off the boiler by 
the steam, as is always done in marine boilers, should 
not be permitted as a general rule in locomotive 
boilei's, when the tubes are of brass and the fire box of 
copper ; but when the tubes and' fire boxes are of iron, 
there will not be an equal risk of injury. Before 
starting on a Journey, the engine man should take a 
summary glance beneath the engine — but before doing 
so he ought to assure himself that no other engine is 
coming up at the time. The regulator, when the 
engine is standing, should be closed and locked, and 
the eccentric rod be fixed out of gear, and the tender 
break screwed down ; the cocks of the oil vessels 
should at the same time be shut, but should all be 
opened a short time before the train starts. When a 
tube bursts, a wooden or iron plug must be driven into 
each end of it, and if the water or steam be rushing 
out so fiercely that the exact position of the imper- 
fection cannot be discovered, it will be advbabie to 
diminish the pressure by increasing the supply of feed 
water. Should the leak be so great that the level ot 
the water in the boiler cannot be maintained, it will 
be expedient to drop the bars and quench the fire, so 
as to preserve the tubes and fire box from injury. 
Should the wooden casing of the boiler catch fire, it 
may be extinguished by throwing a few buckets ot 
wat«r upon it, or, if the engine is at a station, it may 
be brought under the water crane. Should the piston 
rod or connecting rod break, or the cutters fall out or 
be clipped off — as sometimes happens to the piston 
cutter when the engine b suddenly reversed upon a 
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to the same crank, the shaft of which extends to each 
side of tbe carriage, where it is provided with other 
cranks operating by means of horizontal rods upon 
pins in the driving wheel, the highest velocities will 
be attainable without any sinuous or rocking motion ; 
and the whole of the machinery being above the boiler, 
will be accessible while the train is running, and will 
not be exposed so much to ashes and dust. With such 
a construction, indeed, it would be expedient to enclose 
the whole of the maoliinery in a carriage or house with 
gl ss w ndo vs ound t E e y lo oraot e si o Id be 
fum bed w h flicent e'vpanson ge. r of some k nd or 
othe and t s e j des able that the fi e should be 
fed by some self a t ng a angement wl I w il make 

t vinne esBi y to open the fu n ce doo f equently 
The use of sed m t collecto s n lo oraot e bo 1 ■>> a 
a! o exped t as f jud ou If jpled thej w 11 
eff ct lly p e eat tl fo mat on of cal pon tl e 
tub s and w 11 al o ope ate as n ant dote fo p m n^^ 

Q many cases The fo m of coll cto best ad pted to 
a locomot ve bo ler w 11 depe d n a g eat n easu e upon 
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the peculiar structure of the boiler ; but generally anj 
form will answer which commimioates with the water 
level, aad fiontains water within it in a tranquil state. 



Table l.—Page 111. 

Table of Nominal Horse Power of Xow Pressure 
Engines, 

The table on the opposite page contains the dimen. 
sions of cylinder corresponding with any given power 
in a low pressure engine. The table is constructed ac- 
cording fjj the rule given in page 60. 

To find the nominal power of a low pressure engine, 
of 20 inches diameter of cylinder, and 2J feet stroke : — 
Find the diameter in the left-hand column, and in the 
same horizontal line with it, and in the vertical column 
headed 2^, will be found 11'55, the number of horses 
power of the engine. 

The dimecsions of cylinder corresponding to a given 
power may be found by a converse process. 
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Table 2.— Page 279. 
Table of Vonii ml Hir e Povier of H jh Pressure 

The fable on tte op] os tp f^ge conta ni the d men 
610ns of cylinder corresponding w th any given power 
m a high pressure engine The table is constructed 
accord ng to the rule gnen n pige 67 which is tirtu 
ally the same rule as that foi low pressure engines 
with the except on of thi, element of pressuie being 
taken at thre timea the vilue 

To find the nominal powei of a high piessure engine 
of 20 inches diameter of cylinder, and 2j feet strolie ; — 
Find the diameter in the left-hand column, and in the 
same horizontal line with it, and in the vertical column 
headed 2 J, will be found 34-65, the number of horses 
power of the engine. 

The dimensions of cylinder corresponding to a given 
power m^y be found by the converse process from the 
table. 
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Expanded Stewm. — Mean Pressure at ihfferent Detni- 
ties and Jiates of Expansion. 

The tables on the opposite page are intended to fa- 
cilitate the computation of the power of an engine 
working expansively. The first column in each table 
contains the initial pressure of the steam in pnunds ; 
and the remaning columns contain the mean pressure 
of steam throughout the stroke, with the different de- 
grees of expansion indicated at the top of the columns, 
and which express the portion of the stroke during 
which the steam acts expansively. Thus, for example, 
if steam be admitted to the cylinder at a pressure of 3 
pounds per square inch, and be cut otF within -Jth of the 
end of tbe stroke, the mean pressure during the whole 
stroke will be 296 pounds per square inch. In like 
manner, if steam, at the pressure of 3 pounds per 
square inch, were cut off after the piston had gone 
througb -Jth of the stroke, leaving the steam to expand 
through the remaining ^tbs, tbe mean pressure during 
the whole stroke would be 1-154 pounds per square 
incn. Steam, however, of as little as 3 lbs, per square 
inch, is never used in working an engine, for this would 
be steam of 12 lbs. below the atmospheric pressure; 
Bud if steam of 3 lbs. above the atmospheric pressure be 
taken, this will be steam of 18 lbs, pressure upon tbe 
square inch ; the mean pressure of which throughout 
the stroke, if cut off at the time the piston has gone 
through Jth of the stroke, or has ^ih& of the stroke 
stiU to perform, is 6'927 lbs. per square inch, being 
nearly 8 lbs. below the atmospheric pressure. 
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Table 4.~Pa3e 283, 

Tadi.e 4 contains four amali (ables. The first gives Ihe temiiera- 
ture uuJ eliutic Ibrce ul' steam, as ejcperimeiilally ileieniiiued hj 
Dulttiij! mJ Arai^D ; tlie seoauJ gives l.ie es|ianaiou of air by lieat ; 
tti? reiii.tinin,; tables tiavs ceJEreace to tlie uae ofsteaiu expansively, 
J>V means ol' Inp on tlie valve. 

Tlie larger of CaedB tabled Is JntendBil to show tlie ammmtDr cuver 
required oti tiie steam si Jb of tlie valve tociitoSf tile steam at diffec- 
eut iwrlsoflliBstrolia. Tiie llrst column coutaios ilifferaiil Imigllieol 
the eUolie of t le vaivs In iuc'.ies, aai tlie remaiuiug columns ace 
hea^leJ by fractions, inJicalin^i tlie tiejnee of expansion. To cut off 
the BteniD at jtli from tlia eiitt of the BlrokB, tlie atrote of the valve 
beinx 17 inctiee:— Li the column lieailed s, auij ig a line wit)i J 7, nil! 
be foauil 'i'W, iriiich is t>ie required caver in indies, the valve bBing 
wIEhoatleaU. Togiveit J inch of lead, subtract one-half the lead 
from (lie cover, and the remainder (a'345 iuchaa) is the cover for the 
required expansion and lead, l^nbtract the cover IVom one-half the 
length of tlm valve atrolie, and the remainder (3-IM inches) is the 
greatest breadth of port witli thatstrolia. 

The rbinalnInK table is to ehoiv at what parts of the stroke, under 
any given arrangement of sliile valve, liie exhausting ports close and 
open. Tlie columns heailed A. conlatn the amount of cover on Ihe 
exhauBtiiig side of Uie valve in parts of its stroke. In the column B, 
the Hgures represent tlie distance of the piston, in terms ol'the length 
of its stroke, Horn the en J of its stroke, when the exhausting port be- 
fore it is Biiut ; aiui C shows similarly at wiiat part of the stroke the 

casee, being cut olf at Jdfrom tlie end of the stroke. In like manner, 
in U E the steam is cut olf at i^^ths ftom the end of the stroke ; In 
FGat ;th; in HKat /,tlis; In LM at J«i; in N at ^th ; in P 
QatyV^h; inRSiU^pth. Incach case, the left hand sinsle col- 
umn of each double column represents the distance of the piston from 
the end of its stroke, when the exhausting port lielbreil is shut; and 
the right hand single column when the exhausting port behind it is 
opened. 

Let the stroke of the piston be e feet, and (he slide valve cut off the 
steam at id from the end of the stroke, and the cover on the ex- 
hanstiug side of llie valve be tth of the valve stroke. In aline with 

lance of the piston from tho end of its shxike, when the exhausting 
port before itlseliut, and 3'3H inches when tlie exliausticg port be- 
UnilU la opened. 
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Boievr Steam Vessels. 
iTionins Ihe piloi^piil Dimenalnns snd the Vetfo 
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Actual and nominal horse pow- 
er, 49—52. 
Air-pump, details of, 221—221. 
Air-pump, proportiona of, 76. 
Air-pump tor liigli speeds, 68, 






Beams, strengCti of 

Blowing off Milere, 140 — 144. 

Boilere, wagon, cons' '" — 

eeCting of, 123 — 1 
Boiler expluaioDB, 150 — 153. 
BoQers, • ■-'- ' ■<" 



Boilers, locomotlTe, 15 
Boiler, locomotive, stej 

of, 157. 
Boilers, locomotive, 
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Boilers, marine, coQatruction ot, 
las- 132. 

120—123. 
Boilers, scaling of, 144. 
Boilers, strength of, huw detor- 

mined, 117—120. 
Boilei'3, tubing and filajing of. 



ork, 2B2— 



182—186. 
Crass for engini 



Calorimeter, 67. 

Case hardening, 2G0, 261- 

Cataraet, 106, 167. 



Centre of gravity, IS. 

Ceatra of gyration, 18. 

Centre of oscillatioa, 14. 

Centre of pressure, 97. 

Centrifugal force, 13. 16. 19. 

Centrifugal pump, 175. 

Centripetal force, IS. 19. 

Chimney, proportiona of, 56 — 
57- 

Chimney, temporary, for steam- 
ers, 367. 268. 

Coat, eonsumption of, per horse 
power, 43. 

Coal, evaporating efficacy of, 
63, 64. 

Cooks, pumps, and pipes, 328 



Combustion, 44. 
Condensation of sti 
Condenser, proporlioi 




Cornish boilers 39 40 43 44 
Oornish pumpmi; engine erec 

lion of, 187—176 
Corrosion of marine boilers, 
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